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Venous Thromboembolism Prophylaxis in Major
Orthopedic Surgery: Systematic Review Update

Structured Abstract

Background. Major orthopedic surgery carries a high risk for venous thromboembolism
(VTE)—deep vein thrombosis (DVT) and pulmonary embolism (PE). The major orthopedic
surgeries of greatest concern include total knee replacement (TKR), total hip replacement (THR),
and hip fracture (HFx) surgeries. A variety of strategies to prevent VTE are available, including
pharmacological (antiplatelet, anticoagulant) and mechanical modalities. The 2012 Comparative
Effectiveness Review on Venous Thromboembolism Prophylaxis in Orthopedic Surgery
addressed many of the uncertainties in this area. Through a literature surveillance process, it was
determined that the 2012 review requires updating.

Methods. Three Key Questions (KQ) from the 2012 review have been revised and updated, and
three new KQs have been added. All KQs pertain to patients undergoing major orthopedic
surgeries (TKR, THR, and HFx surgery). All KQs address comparative effectiveness regarding
postoperative rates of VTE (DVT and PE), major bleeding, other adverse events, and adherence.
The KQs address comparisons of different classes of thromboprophylaxis interventions (KQ 1);
individual interventions within classes (KQ 2); different doses, regimens, and treatment
durations (KQ 3); combined versus single classes (KQ 4); network meta-analyses comparing
classes and individual interventions on total DVT and major bleeding (KQ 5); and starting
pharmacologic thromboprophylaxis at different times relative to surgery (KQ 6). Comprehensive
literature searches were conducted in PubMed®, both the Cochrane Central Trials Registry® and
Cochrane Database of Systematic Reviews®, and EMBASE® databases from 2010 through
December 23, 2015 [to be updated]. Eligible studies from the 2012 report, other existing
systematic reviews, recent conference proceedings, and ClinicalTrials.gov were included. All
randomized controlled trials (RCT) and nonrandomized comparative studies (NRCS) with at
least 750 participants (and at least 50 participants per study arm) were included. Abstracts and
potentially relevant full-text articles were double screened. Eligible studies were extracted into
tested data extraction forms. Study risk of bias was assessed. Pairwise, random effects model
meta-analyses were conducted when at least four studies evaluated a given comparison. Random
effects model Bayesian network meta-analyses were conducted to address KQ 5. Strength of
evidence for each KQ was evaluated.

Results: There were 120 RCTs and 14 NRCSs that met eligibility criteria comparing
interventions for the three surgeries. For patients undergoing THR, there is moderate to high SoE
that direct factor Xa inhibitors (FXal) and direct thrombin inhibitors (DTI) are each more
effective than either low molecular weight heparin (LMWH) or mechanical devices (dynamic,
intermittent or static devices that aim to minimixe stasis) to prevent VTE. These are in turn more
effective than either unfractionated heparin (UFH) or vitamin K antagonists (VKA). FXal and
UFH result in more major bleeding episodes than DTI or LMWH; LMWH results in more major
bleeding than VKA. For patients undergoing TKR, there is low to moderate SoE that FXal is
similar in effect or more effective in preventing VTE than LMWH. LMWH and VKA are
similarly effective in preventing VTE. All have similar risks for major bleeding. For patients
undergoing HFx surgery, there is insufficient evidence regarding relative effectiveness or



adverse event risk of interventions. Regarding other Key Questions (beyond comparative
effectiveness of intervention classes), there is sufficient evidence to conclude that for patients
undergoing THR, dalteparin (a LMWH) is most effective to prevent total DVTs, followed by
enoxaparin (a LMWH), (unfractionated) heparin, and, finally, warfarin (a VKA). There is also
sufficient evidence to conclude that lower dose and/or longer duration LMWH is more effective
to prevent total VTE (than higher dose or shorter duration LMWH). There is no evidence of
significant differences between different LMWH doses to prevent proximal DVTs or avoid
major bleeding. There is also no evidence of significant differences in total VTE between
different doses of either the same or different FXal. For all other interventions, comparisons,
outcomes, and KQs there is insufficient evidence.

Conclusions: While a large body of RCT evidence exists on comparative effectiveness and
harms of venothromboprophylaxis interventions after major orthopedic surgery, none of the KQs
are fully and adequately addressed. The largest body of evidence exists for THR, with fewer
studies of TKR, and very few studies of HFx surgery. The large majority of studies evaluated
LMWH (and enoxaparin, in particular) with relatively few studies evaluating other intervention
classes. Future studies, particularly of interventions other than enoxaparin, are needed to address
most Key Questions. All studies should report all VTE-related and adverse event outcomes.
Larger trials should conduct and report subgroup analyses of interest.
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Executive Summary

Introduction

Major orthopedic surgery carries a high risk for venous thromboembolism (VTE), which
includes deep vein thrombosis (DVT) and pulmonary embolism (PE).! The major orthopedic
surgeries of greatest concern include total knee replacement (TKR), total hip replacement (THR),
and hip fracture (HFx) surgeries. PE, an obstruction of a pulmonary artery or its branches usually
by an embolic thrombus, is potentially life-threatening and can result in chronic complications
with generally poor prognosis, such as thromboembolic pulmonary hypertension.”* DVTs are
the principal intermediate process necessary for surgery-related PE and increase the risk of PE.
In addition, about 5 to 10 percent of patients with symptomatic DV Ts develop severe
postthrombotic syndrome, which may include venous ulcers, intractable edema, and chronic
pain; although, these outcomes may take 10 years or more to develop.® Estimates suggest that in
current practice about 4.7 percent of patients undergoing major orthopedic surgery would have
symptomatic VVTE without prophylaxis.t

A variety of strategies to prevent VTE are available, including pharmacological (antiplatelet,
anticoagulant) and mechanical modalities.> Pharmacologic prophylactic treatments include
unfractionated heparin (UFH), low molecular weight heparin (LMWH), vitamin K antagonists
(VKA), antithrombin I11-mediated selective factor Xa inhibitors (ATIII), direct factor Xa
inhibitors (FXal), bivalent and univalent direct thrombin inhibitors (DTI), and antiplatelet agents.
Mechanical prophylaxis aims to minimize stasis, the principal putative factor resulting in venous
thrombosis. It can be dynamic and intermittent (e.g., intermittent pneumatic compression device
[IPC]) or static (e.g., graduated compression stockings [GCS]). The modalities can be used alone
or in combination, at variable doses (of drugs) or regimens (of mechanical devices; e.g., different
pressure or compression frequency), and for different durations. However, prophylaxis with
pharmacologic strategies also has important potential harms (risks) including major bleeding,
prosthetic joint infections, and the need for reoperation, which may all lead to death or
permanent removal of the prosthetic joint. Mechanical modalities (when used alone), however,
are thought to be inferior to pharmacological agents to prevent VTE.

VTE prophylaxis (or “thromboprophylaxis™) is now standard of care for patients undergoing
major orthopedic surgery. Prophylaxis has been demonstrated to reduce the incidence of
symptomatic and asymptomatic DVT (in comparison to placebo or no prophylaxis); however,
because of rarity of postoperative PE,* the body of randomized controlled trial (RCT) evidence is
not adequately powered to demonstrate the effect of prophylaxis on PE. The effect of
prophylaxis on DVT risk reduction is generally considered an adequate proxy for likely PE risk
reduction, but it remains unknown to what extent reducing the incidence of DVTs impacts the
magnitude of any reduction in the incidence of PEs. Avoiding DVT is a clinically worthwhile
goal to reduce the incidence of lower extremity venous disease,” such as postphlebitic syndrome,
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venous insufficiency,® ° and phlegmasia cerulean dolens (resulting in edema, pain, and
gangrene).'?

Scope and Key Questions

Scope

The 2012 Comparative Effectiveness Review on Venous Thromboembolism Prophylaxis in
Orthopedic Surgery™ (hereafter “the 2012 VVTE report”) addressed many of the uncertainties in
this area, including questions regarding the natural history of VTE, predictors of VTE, and the
likelihood that DVTs result in PE in patients undergoing THR, TKR, or HFx surgery; the
comparative efficacy of VTE prophylaxis strategies with no VTE prophylaxis, within and
between classes of VTE prophylaxis modalities, and duration of VTE prophylaxis in patients
undergoing these surgeries; and the efficacy of VTE prophylaxis in nonmajor orthopedic
surgeries (knee arthroscopy, surgical repair of lower extremity injuries distal to the hip, and
elective spine surgery). The 2012 VTE report included studies published from 1980 through May
2011. It found a general dearth of evidence regarding important clinical outcomes (nonfatal PE,
fatal PE, major bleeding, reoperation), but high strength of evidence that pharmacologic VTE
prophylaxis reduces the risk of DVT compared to no VTE prophylaxis and increases the risk of
minor bleeding. Comparisons of mechanical VTE prophylaxis versus no VTE prophylaxis did
not provide strong evidence that mechanical prophylaxis reduced the risk of VTE, including,
specifically, DVT. The comparisons of different classes of VTE prophylaxis modalities (e.g.,
different pharmacologic classes or pharmacologic versus mechanical VTE prophylaxis) provided
neither adequate evidence for important clinical outcomes nor strong evidence for other
outcomes, including DVT. There were few studies evaluating the new FXals. In general,
different interventions within classes were not statistically significantly different in their effects
on DVT or bleeding. There was not strong evidence for other Key Questions.

We conducted a surveillance review of new studies potentially eligible to update all Key
Questions from the 2012 VTE report. The surveillance review is summarized in the online
protocol for this review.'? Upon discussion of the current state of the evidence with a panel of
technical experts, we determined that a focused update of the 2012 AHRQ report would be of
greatest value. Based on their input and the findings of the surveillance review, we focused the
update on comparisons between specific prophylaxis interventions; different classes of
intervention; different doses, regimens, and treatment durations of interventions; different
combinations of interventions; and different timing of starting prophylaxis (in relation to the time
of surgery).

The objectives for the systematic review are to update the 2012 VTE report focused on the
comparative effectiveness (for VTE outcomes and harms) of different thromboprophylaxis
interventions for patients undergoing major orthopedic surgery (THR, TKR, and HFx surgery).

Key Questions
The following are the Key Questions (KQ) addressed by the review:
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KQ 1 (update of original KQ 5): In patients undergoing major orthopedic
surgery (total hip or knee replacement, hip fracture surgery), what is
the comparative efficacy between classes of thromboprophylaxis
interventions on venous thromboembolism outcomes, treatment
adherence, major bleeding, and other adverse events?

KQ 2 (update of original KQ 6): In patients undergoing major orthopedic
surgery (total hip or knee replacement, hip fracture surgery), what is
the comparative efficacy of individual thromboprophylaxis
interventions within classes (low molecular weight heparin, factor Xa
inhibitors, direct thrombin inhibitors, and mechanical devices) on
venous thromboembolism outcomes, treatment adherence, major
bleeding, and other adverse events?

KQ 3 (new KQ based on original KQ 8): In patients undergoing major
orthopedic surgery (total hip or knee replacement, hip fracture
surgery), what is the comparative efficacy of different doses,
regimens, or treatment durations of the same thromboprophylaxis
interventions (low molecular weight heparin, factor Xa inhibitors,
direct thrombin inhibitors, and mechanical devices) on venous
thromboembolism outcomes, treatment adherence, major bleeding,
and other adverse events?

KQ 4 (update of original KQ 7 plus expansion): In patients undergoing
major orthopedic surgery (total hip or knee replacement, hip fracture
surgery), what is the comparative efficacy of combined classes of
thromboprophylaxis interventions versus single classes on venous
thromboembolism outcomes, treatment adherence, major bleeding,
and other adverse events?

KQ 5 (new KQ): In patients undergoing major orthopedic surgery (total hip
or knee replacement, hip fracture surgery), based on network meta-
analysis, what are the comparative effects of thromboprophylaxis
interventions on deep vein thrombosis and, separately, major
bleeding?

e What are the comparative effects of different classes of
thromboprophylaxis interventions?

e What are the comparative effects of different individual
thromboprophylaxis interventions?
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KQ 6 (new KQ): In patients undergoing major orthopedic surgery (total hip
or knee replacement, hip fracture surgery), what is the comparative
efficacy of starting pharmacologic thromboprophylaxis at different
times (i.e., preoperative, intraoperative, postoperative) on venous
thromboembolism outcomes, treatment adherence, major bleeding,
and other adverse events?

Methods

The Brown Evidence-based Practice Center (EPC) conducted the review based on a
systematic review of the published scientific literature, using established methodologies as
outlined in the Agency for Healthcare Research and Quality (AHRQ) Methods Guide for
Effectiveness and Comparative Effectiveness Reviews.'?

Search Strategy

A comprehensive search of the scientific literature was conducted to identify relevant studies
addressing the KQs that have been published since the 2012 VTE report, which included studies
published from 1980 through May 2011. We searched PubMed®, both the Cochrane Central
Trials Registry® and Cochrane Database of Systematic Reviews®, and EMBASE® databases.
Searches were limited to 2010 through December 23, 2015 [to be updated]. We included an
overlap of more than 1 year with the search done for the 2012 VTE report. The updated literature
searches replicated the searches from the 2012 VTE report and added additional terms for new
treatments (e.g., factor Xa inhibitors [FXal]). The search strategy was peer reviewed by an
independent, experienced information specialist/librarian.

We also searched the ClinicalTrials.gov registry and the Food and Drug Administration,
Healthy Canadians, and the U.K. Medicines & Healthcare products Regulatory Agency Web
sites for relevant documents from 2011 through July 27, 2015; no additional studies were found.
In addition, the reference lists of published clinical practice guidelines, systematic reviews, and
Scientific Information Packages from manufacturers were hand-searched, and the Technical
Expert Panel (TEP) members were invited to provide references of new studies. Existing
systematic reviews were used primarily as sources of new studies. With the exception of studies
included in the 2012 VTE report, we extracted and incorporated any studies de novo and did not
summarize or incorporate the existing systematic reviews. All articles identified through these
sources were screened for eligibility using the same criteria as was used for articles identified
through literature searches.

All studies cited and tabulated in the 2012 VTE report were screened for eligibility on a par
with new studies. However, as noted below, we relied on the summary tables in the 2012 VTE
report for data from these studies.

[Peer and public review will provide an additional opportunity for experts in the field and
others to ensure that no relevant publications have been missed. The search will be updated in all
databases upon submission of the draft report for peer and public review. All summaries and
qualitative and quantitative analyses in the update will incorporate all relevant studies, regardless
of their source.]
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Study Eligibility Criteria
The current eligibility criteria are mostly similar to the criteria used in the 2012 VTE report,
as pertain to updated KQs.

Populations of Interest

For all KQs, studies of patients undergoing major orthopedic surgery (THR, TKR, HFx) were
eligible. In contrast with the 2012 VTE report, we excluded studies that included more than one
type of surgery but did not report results separately by surgery type. We did not exclude studies
based on details regarding the type of eligible surgery, related anesthesia management, or
perioperative care. Subpopulations of interest included those defined by age, race/ethnicity,
health status, comorbidities, prior history of abnormal surgical bleeding or bleeding disorder,
prior medications (e.g., antiplatelet drugs), kidney function, and treatment
adherence/compliance.

Interventions of Interest

The interventions of interest for all KQs included pharmacological VTE prophylaxis agents
within the defined classes of oral antiplatelet agents, injectable low molecular weight heparin
(LMWH), injectable unfractionated heparin (UFH), injectable or oral factor Xa inhibitors (FXal),
injectable or oral direct thrombin inhibitors (DTI), and oral vitamin K antagonists (VKA), and
mechanical VTE prophylaxis devices within the classes graduated compression stockings (GCS),
intermittent pneumatic compression devices (IPC), and venous foot pumps (VFP). We also
included studies of prophylactic interior vena cava filters for KQs 1 and 5 (that compared classes
of interventions). We included multimodality therapies KQ 3 (different doses, regimens, or
treatment durations). We included studies of combination therapies (e.g., drug + mechanical
prophylaxis) for KQs 4 and 5 and of different starting times relative to surgery for KQ 6.

Comparators of Interest
We included any of the above interventions as comparators as pertinent, including
e KQ1 intervention in a different class
e KQ 2 intervention within the same class
e KQ 3 same intervention with different (lower) dose (or anticoagulation goal), (less
intensive) regimen, or (shorter) duration
e KQ 4 single modality intervention
e KQ5 Sameas KQ 1and KQ 2, plus placebo and no thromboprophylaxis study arms
e KQ 6 same intervention started at different (later) time relative to surgery

Outcomes of Interest
For all KQs, except KQ 5 (the network meta-analysis), we evaluated the following outcomes:
e VTE (combined PE and DVT)
o Total VTE (symptomatic and asymptomatic)
0 Symptomatic VTE

o Total PE (fatal and nonfatal; symptomatic and asymptomatic)

o Fatal PE
0 Symptomatic PE
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e DVT
o Total DVT (symptomatic and asymptomatic; proximal and distal)
0 Symptomatic DVT
0 Proximal DVT
e Postthrombotic syndrome (PTS)
e Pulmonary hypertension (due to PE)
e Adherence (compliance) with treatment
e Adverse events due to intervention(s)
0 Major bleeding, including:
= Fatal bleeding
= Bleeding leading to transfusion
= Major bleeding leading to reoperation
= Major bleeding leading to readmission
= Surgical site / joint bleeding
= Bleeding leading to infection
= As defined by authors
Surgical site/wound-related infections
Surgical site/wound complications (other than bleeding, infection)
Heparin-induced thrombocytopenia
Adverse events due to mechanical devices (as reported by authors)
Adverse events due to I\VVC filter (as reported by authors)
Other clinically significant adverse events reported by studies

O O0OO0OO0OO0OO0

For KQ 5 (the network meta-analysis), we evaluated only total DVT and major bleeding.

We included confirmed and unconfirmed VTE, but downgraded the risk of bias for those studies
that analyzed unconfirmed VTE. If both confirmed and unconfirmed VTE were reported, we
extracted only the confirmed VTE data.

Eligible Study Designs

For all KQs, we included randomized controlled trials (RCT) of any sample size. For KQs
other than the network meta-analysis (KQ 5), we also included prospective or retrospective
nonrandomized comparative studies (NRCS) with at least 750 patients per surgery type, per
study. This was consistent with the 2012 report. In contrast to the 2012 VTE report, we also
required at least 50 patients in each included study arm (or intervention).

We included published, peer-reviewed articles, conference abstracts and presentations, and
studies reported only in the ClinicalTrials.gov Web site. Non-English language publications were
extracted by researchers fluent or facile in the published languages. Unavailable publications
were included and extracted only from their English language abstract.

Timing
We included studies with any duration of followup. For VTE outcomes, we extracted results

at all reported timepoints, but for meta-analyses we preferentially analyzed timepoints closest to
30 days postoperative (as being the most commonly reported timepoint).
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Setting
Studies performed in hospital (with or without continuation of intervention or followup after
discharge)

Study Selection

We assessed titles and abstracts of citations identified from literature searches for inclusion,
using the above eligibility criteria. Abstract screening was done in the open-source, online
software Abstrackr (http://abstrackr.cebm.brown.edu/). Full-text articles of potentially relevant
abstracts were retrieved and a second review for inclusion was conducted by reapplying the
eligibility criteria. Both abstract and full-text screening was conducted in duplicate with conflicts
resolved by reconciliation among the whole research team. All rejected full-text articles were
confirmed by the project lead.

Studies included in the 2012 VTE report were reassessed for inclusion based on the
summarized data available in the 2012 VTE report. In general, we did not confirm eligibility
criteria for these studies from the full-text articles.

Data Extraction

Each study was extracted by one methodologist and confirmed by at least one other
experienced methodologist. Disagreements were resolved by discussion among the team. Data
extraction was conducted into customized forms in the Systematic Review Data Repository
(SRDR) online system (http://srdr.ahrg.gov) designed to capture all elements relevant to the
KQs. These included population characteristics, including description of patients’ surgery,
descriptions of the interventions analyzed, descriptions of relevant outcomes, sample sizes, study
design features, funding sources, results (including adverse events), and risk of bias assessment.
The forms were tested on several studies and revised as necessary. [Upon completion of the
review, the SRDR database will be] made accessible to the general public (with capacity to read,
download, and comment on data).

New studies added to the 2012 VTE report were extracted from the full-text articles and any
available supplemental material. With few exceptions, eligible studies from the 2012 VTE report
extracted and entered into SRDR based only on the available data presented in the 2012 VTE
report.

Risk of Bias Assessment

We based the methodological quality of each study on predefined criteria. For RCTs, we
used the Cochrane risk of bias tool,** which asks about risk of selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other potential biases. For observational studies,
we used selected questions from the Newcastle Ottawa Scale about comparability of cohorts,
representativeness of the population, and adjustment for different lengths of follow-up.™ The
methodological quality of the eligible studies from the 2012 VTE report was based solely on
what was reported in that report’s methodological quality tables. Risk of bias questions included
in the current review that were not assessed in the 2012 VTE report were marked as “NR” (not
reported).
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Data Synthesis

Pairwise Meta-Analysis

For KQs 1 through 4 and 6, we conducted restricted maximum likelihood random effects
model meta-analyses of four or more comparative studies that were sufficiently similar in
population, interventions, and outcomes. Odds ratios (ORs) were chosen as the metric to analyze
categorical outcomes. In the analysis of rare outcomes (<1%), we used Peto’s OR. 8 Studies
with no events in both trial arms were excluded as they do not contribute to the estimate of the
summary effect. In the analysis by class (KQ 1), for trials containing arms with different doses of
the same intervention, we included the arm that was most similar to other studies or the arm with
the largest sample size in the event that it was the only study of that intervention. Pairwise meta-
analyses were conducted in R using the metafor package. Results are presented in terms of
summary ORs and the corresponding 95 percent confidence interval (Cl).

Network Meta-Analysis

To address KQ 5, we conducted network meta-analyses under a Bayesian framework.
Network meta-analysis is an extension of pairwise meta-analyses that simultaneously combines
direct comparisons (where interventions are compared head-to-head) and indirect comparisons
(where interventions are compared through other reference interventions). Combining the direct
and indirect evidence not only improves precision of estimates, but also provides estimates for
all pairwise comparisons, including those missing from the direct evidence. The key assumption
of the network meta-analysis is that there is consistency of direct and indirect effects.
Consistency is likely to hold when the distribution of effect modifiers is similar across trials, and
thus, patients are similar across trials. If this assumption is violated, there may be inconsistency
between the direct evidence and indirect evidence of treatment comparisons (where the direct
and indirect comparisons contradict each other).

For binary outcomes (e.g., total DVT and major bleeding), the network meta-analysis model
corresponds to a generalized linear mixed model with a logit link. We included random effects
on the treatment parameters, which allowed each study to have a different but related treatment
effect estimate versus a reference treatment. The amount of between-study variance
(heterogeneity) was assumed to be constant across all treatment comparisons. If these models did
not converge, we used a fixed effect model, which sets the between-study variance to 0. We used
noninformative prior distributions for the model parameters.

For each analysis, we empirically assessed if the network meta-analysis consistency
assumption was violated by comparing the direct and indirect evidence using a node-splitting
approach. *° This approach evaluates each treatment comparison in terms of its direct and
indirect evidence estimates. Discrepancies between these estimates indicate inconsistency. Since
we did not find any evidence of inconsistency, only results from the (consistency) network meta-
analysis are presented.

We conducted a total of 12 network meta-analyses to compare all treatment alternatives
across studies. For each of three surgeries (THR, TKR, and HFx surgery) and for the two
outcomes (total DVT and major bleeding) we conducted two analyses: 1) comparisons of classes
of thromboprophylaxis interventions (e.g., LMWH, antiplatelet drugs) and 2) comparisons of
individual interventions. For trials containing arms with different doses of the same intervention,
we included the arm that was most similar to other studies or the arm with the largest sample size
in the event that it was the only study of that intervention. For all network meta-analyses (in
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contrast to KQ 1-4 and 6), we included placebo/no treatment as an intervention (or class) to
strengthen the network of evidence. Network meta-analyses were conducted in R using the gemtc
package. Results are presented in terms of summary ORs and the corresponding 95 percent
credible interval (Crl).

Subgroup Analyses and Metaregression

All studies were evaluated for within-study subgroup (or predictor) analyses. As feasible,
studies were also categorized based on whether, as a whole, they evaluated particular populations
of interest, such as studies that included at least 90 percent of a subgroup of interest, including
sex, race/ethnicity, older age group, body weight category, tobacco use, chronic disease,
varicocities, history of bleeding disorders or surgical bleeding, prior VTE, presurgical use of
antiplatelet drugs or warfarin, or hormones, unilateral versus bilateral surgery, use of cemented
fixation, tourniquet use, tranexamic acid use, and anesthesia type. We also investigated potential
differences between studies based on industry funding. We aimed to conduct random effects
model metaregressions for many variables but data were too sparse to allow meaningful analyses
for most.

Grading the Strength of Evidence

We graded the strength of the body of evidence as per the AHRQ methods guide on assessing
the strength of evidence.?’ We assessed the strength of evidence for each principal health
outcome, as determined with input from the panel of technical experts: total VTE, symptomatic
VTE, PE, DVT, and adverse events. Following the standard AHRQ approach, for each
intervention and comparison of intervention, and for each outcome, we assessed the number of
studies, their study designs, the study limitations (i.e., risk of bias and overall methodological
quality), the directness of the evidence to the KQs, the consistency of study results, the precision
of any estimates of effect, the likelihood of reporting bias, and the overall findings across studies.
Throughout the report, all estimates with 95 percent Cl or Crl beyond 0.5 and 2.0 were
considered to be imprecise. Based on these assessments, we assigned a strength of evidence
rating as being either high, moderate, or low, or there being insufficient evidence to estimate an
effect. A priori, we determined that specific comparisons with fewer than four analyzable studies
provide insufficient evidence to evaluate strength of evidence (in alignment with the decision to
conduct pairwise meta-analysis). However, we allowed an exception when three studies all found
a statistically significant effect (in the same direction), in which case we assigned a low strength
of evidence of an effect. We did not assign a low strength of evidence to trios of studies that all
reported no significant difference since these findings were frequently related to lack of
statistical power. The data sources, basic study characteristics, and each strength-of-evidence
dimensional rating are summarized in a “Strength of Evidence” table detailing our reasoning for
arriving at the overall strength of evidence rating.

Peer Review

A draft version of this report is being reviewed by a panel of expert reviewers, including
representatives from [pending] and the general public. The reviewers included experts in
[pending]. These experts were either directly invited by the EPC or offered comments through a
public review process. Revisions of the draft will be made, where appropriate, based on their
comments. The draft and final reports [will] also reviewed by the Task Order Officer and an
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Associate Editor from another EPC. However, the findings and conclusions are those of the
authors, who are responsible for the contents of the report.

Results

Summary of Studies

The literature searches yielded 1481 citations. We rescreened 118 studies included in the
2012 VTE report and 107 references found in relevant existing systematic reviews. Of these, 423
articles were screened in full text, of which 289 were excluded for the reasons listed in Figure 2
and Appendix B. The included 134 studies, 120 RCTs and 14 NRCSs; they provided 81 studies
of THR, 54 of TKR, and 12 of HFx surgery. The publication status and sources of the studies are
listed in Figure 2. The grey literature searches added no studies.

Studies evaluated the following thromboprophylaxis classes (and combinations thereof):
antiplatelet drugs, direct thrombin inhibitors (DTI), factor VI1II inhibitors (FEI), factor Xa
inhibitors (FXal), factor XI inhibitors (FXIi), low molecular weight heparin (LMWH),
mechanical devices, unfractionated heparin (UFH), and vitamin K antagonists (VKA). The
studies evaluated the following specific interventions (and combinations thereof): apixaban,
aspirin, dabigatran, dalteparin, darexaban, desirudin, edoxaban, enoxaparin, eribaxaban, flexion
devices, fondaprinux, factor XI antisense oligonucleotide (FXIASO), graduated compression
stockings (GCS), heparin, intermittent pneumatic compression (IPC), rivaroxaban, seuloparin,
TAK422, tinzaparin, venous foot pump (VFP), and warfarin.

We chose the principal outcomes for this review (the various VTE outcomes, major bleeding,
and serious adverse events) based on an a priori determination of their importance in regards to
thromboprophylaxis choice decisionmaking and the high likelihood that these outcomes would
be available to to researches of almost all RCTs. However, we found that for most of the
outcomes only a minority of studies reported them. Only total DVT was reported by more than
80 percent of the studies (82%), an arbitrary threshold we chose to suggest high risk of reporting
bias. In descending order, the remaining principal outcomes were proximal DVT (68% of studies
reported), total PE (54%), major bleeding (53%), fatal PE (50%), symptomatic DVT (40%),
symptomatic VTE (20%), total VTE (16%), symptomatic PE (16%), and serious adverse events
(12%).

Randomized Controlled Trials

Among the RCTs, 59 (51%) reported industry funding, 3 (3%) used materials supplied by
industry, 15 (13%) explicitly reported no industry support, and 39 (34%) did not provide funding
information.

In general, for the RCTSs the risk of bias was low in randomization, allocation concealment,
group similarity at baseline, and methods used for outcome assessment. Reporting, compliance
with interventions, timing of outcome assessment, and definition of adverse effects were
explicitly reported in fewer than half of the RCTs. Fifty-one RCTs had a high risk of bias
regarding blinding of patients (in addition, 14 had unclear risk of bias, 1 not reported from the
original report®), 50 for blinding of healthcare providers (22 unclear, 1 not reported from the

! The current review assessed risk of bias domains not consistently addressed by the 2012 VTE report.
We did not assess these studies for these risk of bias domains, but instead marked them as “not
reported”.
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original report), and 16 for blinding of outcome assessors (29 unclear). Twenty-three RCTs had a
high risk of bias in compliance of intention-to-treat principle in data analysis (8 unclear).
Attrition bias was rated high in 19 RCTs (14 unclear).

Nonrandomized Comparative Studies

Overall, we included 14 NRCSs. Six NRCSs evaluated THR, seven TKR, two had separate
analyses of THR and TKR, and one evaluated HFx surgery. Two reported industry funding, and
the other 12 NRCSs explicitly reported no industry support. In general, the risk of bias was low
for incomplete results reporting (2 unclear) and timing of outcome assessments (3 unclear). One
NRCS had high risk of bias for adverse event reporting and one was unclear. Similarly, one
NRCS had high risk of bias for compliance with interventions and a second was unclear. One
NRCS had high risk of bias for patient selection, and a second was unclear. Seven NRCSs had
high risk of bias for group similarity at baseline (4 unclear); five for assessment of outcomes (4
unclear). Seven NRCSs had high risk of bias for blinding of outcome assessors, and another five
were unclear. Eight had high risk of bias for selective outcome reporting. Full risk of bias
evaluations are in Appendix C.

Key Question 1

In patients undergoing major orthopedic surgery, what is the comparative
efficacy between classes of thromboprophylaxis interventions on venous
thromboembolism outcomes, major bleeding, other adverse events, and
treatment adherence?

Note that for all three surgeries, network meta-analyses comparing classes in regard to total
DVT and major bleeds are presented under Key Question 5. The results of comparisons with
what was deemed to have sufficient evidence are summarized here; other comparisons are noted,
but were deemed to have insufficient evidence.

Total Hip Replacement

Key Points
e 44 RCTsand 5 NRCSs compared classes of interventions in patients undergoing THR.
e Pairwise comparisons between classes had sufficient data for only five pairs of classes.
0 LMWH vs. DTI: Overall favors DTI, with lower risk of VTE (total DVT and
proximal DVT; moderate to high SOE) and similar risk of major bleeding (high SoE).
0 LMWH vs. FXal: Overall, favors LMWH, with an unclear difference in effect on risk
of VTE (low to moderate SoE of inconsistent results), but lower risk of bleeding with
LMWH (high SoE). There were statistically significant differences for total VTE
(favoring FXal), symptomatic VTE (favoring LMWH), and proximal DVT (favoring
LMWH), but no significant difference in symptomatic DVT; the inconsistencies in
these finding suggest important reporting bias.
0 LMWH vs. UFH: Overall, favors LMWH, with lower risk of VTE (total PE, proximal
DVT), but similar risk of total DVT; moderate to high SoE) and lower risk of major
bleeding (moderate SoE).
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0 LMWH vs. VKA: Overall, an apparent tradeoff in risks with lower risk of total DVT
with LMWH (high SoE), similar risks of proximal DVT (low SoE), and lower risk of
major bleeding with VKA (high SoE).

0 Mechanical vs. UFH: Overall, unclear. It is unclear which intervention class has
higher risk of total DVT (low SoE), UFH results in lower risk of proximal DVT (high
SoE), but insufficient evidence regarding adverse events.

o For all other class comparisons and outcomes there was insufficient evidence.

o0 Although studies reasonably should have had data for all VTE-related outcomes and
for major bleeding and other serious adverse events, most outcomes were not reported
by many studies, resulting in a high risk of reporting bias across the evidence base.

e A within-study subgroup analysis was inconclusive regarding differential risks of
bleeding with LMWH and DT1 by CKD stage.

e Industry-funded studies had similar finding as other studies. Asian studies had similar
findings as non-Asian studies.

Summary Results

Pairwise comparisons between classes had sufficient data for five pairs of classes (Table A).
For the comparison of LMWH vs. DTI, among four RCTs, three favored DTI to prevent total
DVT and three favored DTI to prevent proximal DVT. Meta-analysis of the four tirals did not
find a significant difference between drug classes regarding major bleeding.

For the comparison of LMWH versus FXal, among 11 RCTs there is high risk of reporting
bias for several of the outcomes. Most meta-analyses of VTE outcomes significantly favored
FXal (total VTE [7 RCTs], total DVT [9 RCTs], proximal DVT [10 RCTs]). However, the meta-
analysis of symptomatic VTE significantly favored LMWH over FXal, but the RCTs reporting
symptomatic VTE largely did not report other VTE outcomes. The meta-analysis of symptomatic
DVT (8 RCTs) was imprecise and found no significant difference between drug classes. Major
bleeding was significantly less likely with LMWH (across 9 RCTS), but there was no significant
difference in serious adverse events (5 RCTS).

Among 3 RCTs of LMWH versus mechanical devices, there was insufficient evidence and
it was unclear how the interventions compare.

From 10 RCTs, meta-analyses of LMWH versus UFH significantly favored LMWH to
prevent total PE (8 RCTs) and proximal DVT (6 RCTs) and to avoid major bleeding (6 RCTs),
but showed no statistically significant difference in total DVT (10 RCTs) and symptomatic DVT
(4 RCTs that yielded an imprecise estimate).

Meta-analysis of tehe 4 RCTs of LMWH versus VKA found significantly lower rates of
major bleeding with VKA. Three of the RCTs favored LMWH to prevent total DVTs. Results
for other outcomes were unclear.

Three RCTs evaluated mechanical devices versus UFH, favoring VKA to prevent proximal
DVTs, but yielding unclear results regarding total DVT.

Other intervention classes compared by fewer studies (with insufficient evidence) included
antiplatelet drugs versus VKA, DTI versus FXal, DTI versus UFH, and FEI versus FXal.
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Table A. Total hip replacement, intervention class vs. class: Summary of “sufficient” evidence

Comparison | Outcome* SoE Design: Summary OR (95% Cl) or | Conclusionst
Grade No. Studies (N) Range of Estimates
LMWH DVT, totalt Moderate | RCT: 3 (4600) Range 1.14 to 1.52 Favors DTI
vs. DTI
DVT, proximal High RCT: 3 (4600) Range 1.3510 1.89 Favors DTI
Bleeding, majort | High RCT: 4 (6900) 0.79 (0.55, 1.14) Does not favor either
All (benefits vs. RCT: 4 (6900) Favors DTI (lower risk VTE, similar
harms) risk bleeding)
LMWH VTE, total Low RCT: 7 (6389) 1.82(1.23,2.71) Favors FXal
vs. FXal
VTE, Low RCT: 6 (5569) 0.52 (0.31, 0.87) Favors LMWH
symptomatic
PE, total Low RCT: 4 (10080) Range 0.33to 1.67 Unclear
NRCS: 1 (1056)
DVT, totalt Moderate | RCT: 9 (8645) 1.97 (1.42,2.74) Favors FXal
NRCS: 1 (1056)
DVT, Low RCT: 8 (11253) 0.82 (0.34, 1.97) Unclear
symptomatic
DVT, proximal Moderate | RCT: 10 (9622) 2.40 (1.23, 4.69) Favors FXal
Bleeding, majort | High RCT: 9 (11756) 0.72 (0.52, 0.99) Favors LMWH
Bleeding, joint Low RCT: 3 (8900) Range 0.50 to 0.89 Unclear
Serious adverse | Moderate | RCT: 5 (6727) 0.95(0.78,1.17) Either
events
All (benefits vs. RCT: 11 (12472) Favors LMWH (unclear VTE effect,
harms) lower risk bleeding)
LMWH PE, total High RCT: 8 (1878) 0.26 (0.13, 0.54) Favors LMWH
vs. UFH
DVT, total} High RCT: 10 (2219) 0.84 (0.60, 1.18) Either
DVT, proximal Moderate | RCT: 6 (1506) 0.59 (0.38, 0.93) Favors LMWH
Bleeding, majort | Moderate | RCT: 6 (1960) 0.46 (0.23, 0.92) Favors LMWH
All (benefits vs. RCT: 10 (2387) Favors LMWH (lower risk VTE and
harms) bleeding)
LMWH DVT, total High RCT: 3 (4537) Range 0.48 to 0.87 Favors LMWH
vs. VKA
DVT, proximal Low RCT: 3 (4537) Range 0.27 to 1.27 Unclear
Bleeding, majort | High RCT: 4 (5332) 1.68 (1.11, 2.53) Favors VKA
All (benefits vs. RCT: 4 (5332) Tradeoff (LMWH lower risk VTE, VKA
harms) lower risk bleeding)
Mechanical DVT, total Low RCT: 3 (434) Range 0.18 to 1.00 Unclear
vs. UFH
DVT, proximal High RCT: 3 (434) Range 2.39 to 4.69 Favors UFH
All (benefits vs. RCT: 3 (434) Unclear (UFH lower risk VTE,

harms)

insufficient for bleeding)

Pairwise results of comparisons with sufficient evidence (i.e., not graded “insufficient” strength of evidence [SoE]).
Other abbreviations: DTI = direct thrombin inhibitor; DVT = deep vein thrombosis, FXal = factor Xa inhibitor, LMWH =
low molecular weight heparin; NRCS = nonrandomized comparative study; OR = odds raio; PE = pulmonary
embolism, RCT = randomized controlled trials; UFH = unfractionated heparin; VKA = vitamin K inhibitor; VTE =
venothromboembolism.
* Evaluated outcomes included total venothromboembolism (VTE), symptomatic VTE, total pulmonary embolism
(PE), fatal PE, symptomatic PE, total deep vein thrombosis (DVT), symptomatic DVT, proximal DVT, postthrombotic
syndrome, pulmonary hypertension, major bleeding (total), surgical site or wound bleeding, other major bleeding
(specific), surgical site or wound infection, surgical site or wound complications (other than bleeding or infection),
heparin-induced thrombocytopenia, mechanical device complications, inferior vena cava filter complications, and

other clinically significant adverse events.

t “Unclear” can also be interpreted as no evidence of a difference (in contrast to evidence of no difference).
1 Also see Key Question 5.
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Subgroup Analysis

One RCT reported results for serious bleeding by level of chronic kidney disease (CKD) in a
comparison of LMWH and DTI. Event rates were low for all participants (2% in both the
desirudin and the enoxaparin arms). They reported that for CKD stage 3B (n=569), more patients
experienced a major bleed in the desirudin arm than in the enoxaparin arm, although the
difference was not statistically significant (1.8% vs. 0.3%; P = 0.112). For CKD 3A (n=758), the
rates were the same (0.3% in both arms). For CKD 1-2 (n=700), DVT rates were also lower in
the enoxaparin arm (0.6% vs. 0%).

Studies were generally homogeneous in terms of patient eligibility criteria, such that most
studies included all-comers without eligibility restrictions based on demographics, or other major
patient or surgery subtypes. While some studies were restricted based on past bleeding history or
chronic antiplatelet or VKA use, no RCTs were restricted to the converse populations (only
patients with bleeding history or on antithromobotic medication). Thus, across-study
comparisons of subgroup factors are limited.

Among THR RCTs, differences between studies based on industry funding was analyzable
for only the comparison of LMWH versus UFH. For total DVT, by random effects model
metaregresion no significant difference (P=0.51) was found between the eight industry-funded
studies (summary OR 0.91, 95% CI1 0.59 to 1.41) and the two studies without reported industry
support (summary OR 0.71, 95% CI 0.38 to 1.32). Similarly, for major bleeding, no significant
difference (P=0.95) was found between the four industry-funded studies (summary OR 0.62,
95% CI 0.13 to 2.93) and the two studies without industry support (summary OR 0.56, 95% CI
0.26 to 1.20).

For the comparison of Asian versus non-Asian RCTs, only the comparison of LMWH versus
FXal was analyzable. For total DVT, no significant difference (P=0.56) was found between the
five Asian studies (summary OR 1.63, 95% CI 0.81 to 3.31) and the four non-Asian studies
(summary OR 2.08, 95% CI 1.40 to 3.09) by random effects model metaregresion. The non-
Asian studies included more patients, largely explaining the difference in statistical significance
between the two sets of studies. Overall, the same percentage of Asian and non-Asian study
participants had a DVT among these RCTs (4.7%). Similarly, for major bleeding, no significant
difference (P=0.16) was found between the four Asian RCTs with major bleeding events
(summary OR 1.95, 95% CI 0.46 to 8.22) and the five non-Asian studies (OR 0.68, 95% C1 0.49
to 0.94). Again, the non-Asian studies included more patients, largely explaining the difference
in statistical significance between the two sets of studies. The Asian RCTs had relatively few
events, with an overall major bleeding rate of 0.7 percent compared to 1.5 percent among all
non-Asian RCTs (P=0.041); however, if the European study with an atypically high reported
major bleeding rate (3.5%) is excluded, the non-Asian RCTs have a major bleeding rate of 0.9
percent, similar to the reported Asian rate (P=0.59).

Total Knee Replacement

Key Points
e 28 RCTs and 6 NRCSs compared classes of interventions in patients undergoing TKR.
e Pairwise comparisons between classes had sufficient data for meta-analyses for only two
pairs of classes.
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0 LMWH vs. FXal: Overall, favors FXal, with lower risk of total DVT (low SoE), but
similar risks for other types of VTE (low to moderate SoE) and similar risks of major
bleeding and serious adverse events (low SoE).

0 LMWH vs. VKA: Overall, an apparent tradeoff in risks with lower risk of total DVT
with LMWH (high SoE), similar risks of proximal DVT (low SoE), and lower risk of
major bleeding with VKA (low SoE).

o For all other class comparisons and outcomes there was insufficient evidence.

o0 Although studies reasonably should have had data for all VTE-related outcomes and
for major bleeding and other serious adverse events, most outcomes were not reported
by many studies, resulting in a high risk of reporting bias across the evidence base.

e A within-study subgroup analysis did not find a substantial difference in relative effect of
antiplatelet drug vs. mechanical device between unilateral or bilateral TKR surgery.

e Industry-funded studies had similar finding as other studies. Asian studies had similar
findings as non-Asian studies.

Summary Results

Pairwise comparisons between classes had sufficient data for only two pairs of classes
(Table B). For the comparison of LMWH versus FXal, across 10 RCTs, meta-analysis
significantly favored LMWH to prevent total DVT (7 RCTSs), but there was no statistically
significant difference for total VTE (4 RCTs), symptomatic DVT (8 RCTs), proximal DVT (5
RCTSs), major bleeding (7 RCTS), or serious adverse events (4 RCTSs).

Among 4 RCTs that compared LMWH versus VKA, 3 RCTs favored LMWH to prevent
total DVT, 4 RCTs in aggregate did not favor either intervention calss to prevent proximal DVT,
and 4 RCTs found lower risk of major bleeding with VKA.

Other intervention classes compared by fewer studies (with insufficient evidence) included
antiplatelet drugs versus FXal, antiplatelet drugs versus mechanical devices, antiplatelet drugs
versus VKA, DTI versus FXal, LMWH versus antiplatelet drugs, LMWH versus DTI, LMWH
versus FXIi, LMWH versus mechanical devices, and LMWH versus UFH.

Table B. Total knee replacement, intervention class vs. class: Summary of “sufficient” evidence

Comparison | Outcome* SoE Design: Summary OR (95% CI) or Conclusionst
Grade No. Studies (N) Range of Estimates
LMWH vs. VTE, total Moderate | RCT: 4 (1260) 1.33(0.89, 1.99) Either
FXal
DVT, totalt Low RCT: 7 (3805) 2.09 (1.70, 2.58) Favors FXal
DVT, Low RCT: 8 (5715) 0.99 (0.51, 1.91) Either
symptomatic
DVT, proximal Low RCT: 5 (2011) 1.32(0.62, 2.82) Either
Bleeding, majort | Low RCT: 7 (5926) 0.74 (0.42, 1.30) Either
Serious adverse Low RCT: 4 (1803) 1.51(0.80, 2.85) Either
events
All (benefits vs. RCT: 10 (6350) Favors FXal (lower risk DVT,
harms) unclear risk bleeding)
LMWH vs. DVT, totalt High RCT: 3 (1742) Range 0.42 to 0.67 Favors LMWH
VKA
DVT, proximal Low RCT: 4 (1772) 0.51(0.21,1.28) Either
Bleeding, majort | Low RCT: 4 (1960)% Range 1.16 to 3.13 Favors VKA
All (benefits vs. RCT: 4 (1960) Tradeoff (LMWH lower risk DVT,
harms) VKA lower risk bleeding)

Pairwise results of comparisons with sufficient evidence (i.e., not graded “insufficient” strength of evidence [SoE]). Other abbreviations: DVT =
deep vein thrombosis, FXal = factor Xa inhibitor, LMWH = low molecular weight heparin; OR = odds ratio; RCT = randomized controlled trials;
VKA = vitamin K inhibitor; VTE = venothromboembolism.
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* Evaluated outcomes included total venothromboembolism (VTE), symptomatic VTE, total pulmonary embolism (PE), fatal PE, symptomatic
PE, total deep vein thrombosis (DVT), symptomatic DVT, proximal DVT, postthrombotic syndrome, pulmonary hypertension, major bleeding
(total), surgical site or wound bleeding, other major bleeding (specific), surgical site or wound infection, surgical site or wound complications
(other than bleeding or infection), heparin-induced thrombocytopenia, mechanical device complications, inferior vena cava filter complications,
and other clinically significant adverse events.

t “Unclear” can also be interpreted as no evidence of a difference (in contrast to evidence of no difference).

1 Also see Key Question 5.

Subgroup Analysis

One RCT compared subgroups of patients who received unilateral or bilateral TKR surgery
in a comparison of antiplatelet drug versus mechanical device. They found that in the unilateral
group (n=72) the percent of patients with a DVT was lower for those receiving mechanical
prophylaxis through a compression boot (22%) compared to those receiving aspirin (47%,
P<0.03). In the bilateral group (n=47), DVT incidence was also lower in patients who used
compression boots (48%) compared with those who received aspirin (68%), but this difference
was not significant (P<0.20). Whether the treatment effect differed between unilateral and
bilateral subgroups was not analyzed.

Studies were generally homogeneous in terms of patient eligibility criteria, such that most
across-study comparisons of subgroup factors are limited.

Among TKR RCTs, differences between studies based on industry funding was analyzable
for only the comparison of LMWH versus FXal. For total DVT, by random effects model
metaregresion no significant difference (P=0.21) was found between the six industry-funded
studies (summary OR 2.04, 95% CI 1.68 to 2.49) and the single study without industry support
(OR 4.71, 95% CI 1.31 t0 16.9).

For the comparison of Asian versus non-Asian RCTSs, only the comparison of LMWH versus
FXal was analyzable. For total DVT, no significant difference (P=0.97) was found between the
four Asian studies (summary OR 2.15, 95% CI 1.35 to 3.41) and three non-Asian studies
(summary OR 2.12, 95% CI 1.59 to 2.82) by random effects model metaregresion. However, the
total DVT rate was lower in the Asian RCTs (9.6%) than the non-Asian studies (16.0%, P<0.01).
Similarly, for major bleeding, no significant difference (P=0.34) was found between the two
Asian studies (summary OR 0.27, 95% CI1 0.03 to 2.32) and the five non-Asian studies (OR 0.89,
95% C1 0.29 to 2.72). Major bleeding rates were similar between Asian studies (0.7%) and non-
Asian studies (0.9%, P=0.57).

Hip Fracture Surgery

Key Points
e 6 RCTs compared classes of interventions in patients undergoing HFx surgery.
e There is moderate SoE that for LMWH vs. FXal, LMWH results in a lower risk of total
DVT. There is insufficient evidence for all other outcomes for this comparison and for all
other intervention class comparisons.

Only 6 RCTs of venoprophylaxis have been conducted comparing intervention classes in
patients undergoing HFx surgery. Pairwise comparisons between classes had sufficient data only
for the comparison of LMWH versus FXal (Table C). The 3 RCTs that compared LMWH
versus FXal found lower risk of total DVT with LMWH, but there was insufficient evidence
regarding other outcomes. Other interventions classes compared included antiplatelet drugs
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versus mechanical devices, antiplatelet drugs versus VKA, and LMWH versus UFH; there was
insufficient evidence regarding these comparisons.

Table C. Hip fracture surgery, intervention class vs. class: Summary of “sufficient evidence”
Comparison | Outcome* SoE Design: Summary OR (95% CI) or Conclusionst
Grade No. Studies (N) Range of Estimates
LMWH vs. DVT, totalt Moderate | RCT: 3 (1816) Range 2.71 to 3.81 Favors LMWH
FXal
All (benefits vs. RCT: 3 (1816) Favors LMWH (LMWH lower risk
harms) DVT, insufficient for bleeding)

Pairwise results of comparisons with sufficient evidence (i.e., not graded “insufficient” strength of evidence [SoE]). Other abbreviations: DVT =
deep vein thrombosis, FXal = factor Xa inhibitor, LMWH = low molecular weight heparin; OR = odds ratio; RCT = randomized controlled trials.
* Evaluated outcomes included total venothromboembolism (VTE), symptomatic VTE, total pulmonary embolism (PE), fatal PE, symptomatic
PE, total deep vein thrombosis (DVT), symptomatic DVT, proximal DVT, postthrombotic syndrome, pulmonary hypertension, major bleeding
(total), surgical site or wound bleeding, other major bleeding (specific), surgical site or wound infection, surgical site or wound complications
(other than bleeding or infection), heparin-induced thrombocytopenia, mechanical device complications, inferior vena cava filter complications,
and other clinically significant adverse events.

T “Unclear” can also be interpreted as no evidence of a difference (in contrast to evidence of no difference).

1 Also see Key Question 5.

Key Question 2

In patients undergoing major orthopedic surgery, what is the comparative
efficacy of individual thromboprophylaxis interventions within classes on
venous thromboembolism outcomes, major bleeding, other adverse events,
and treatment adherence?

Note that for all three surgeries, network meta-analyses comparing individual interventions in
regard to total DVT and major bleeds are presented under Key Question 5.

Relatively few RCTs of venoprophylaxis compared specific interventions within any given
class (3 for THR, 2 for TKR, and 2 for HFx surgery). No comparison was evaluated by more
than two studies.

In patients undergoing THR or TKR (in separate analyses), one or two RCTSs each evaluated
enoxaparin versus semuloparin (LMWHSs), enoxaparin versus tinzaparin (LMWHSs), and
graduated compression stockings versus intermittent pressure devices (mechanical devices). In
patients with HFx surgery, one RCT each compared enoxaparin versus dalteparin (LMWHSs) and
enoxaparin versus semuloparin (LMWHSs). Evidence was insufficient to evaluate within-class
intervention comparisons.

Key Question 3

In patients undergoing major orthopedic surgery, what is the comparative
efficacy of different doses, regimens, or treatment durations of the same
thromboprophylaxis interventions on venous thromboembolism outcomes,
major bleeding, other adverse events, and treatment adherence?

Key Points

e 22 RCTsand 2 NRCSs compared different intervention doses or durations in patients
undergoing THR, 16 RCTs and 1 NRCS in patients undergoing TKR, and 2 RCTs in
patients undergoing HFx surgery.
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e Only a small number of drug (or class) dose or duration comparisons had sufficient data.
o THR
= FXal low vs. high dose: There is low SoE that high dose FXal yields a
lower risk of total VTE, but insufficient evidence for other outcomes
= LMWH low vs. high dose: There is moderate SoE that low dose LMWH
yields a lower risk of total DVT, but low SoE of an unclear difference to
prevent proximal DVT and insufficient evidence for other outcomes.
=  LMWH short vs. long duration: There is moderate to high SoE that long
duration LMWH results in lower risk of VTE (total PE, total DVT, and
proximal DVT), but insufficient evidence for adverse events.
o TKR
= DTl low vs. high dose: There is low SoE that the risk of bleeding is
similar with low or high dose DTI, but insufficient evidence for VTE
outcomes.
= FXal low vs. high dose: There is moderate SoE that high dose FXal yields
a lower risk of total VTE and symptomatic DVT, but that both result in
similar risk proximal DVT, and insufficient evidence for adverse events.
0 HFx surgery
= Data were insufficient to summarize the evidence for different dose or
duration of interventions for HFx surgery.

More than 300 specific comparisons of different drug doses or device regimens have been
reported; the large majority of specific comparisons were made by a single study only.
Comparisons with sufficient evidence are summarized here. These all pertain to class-level
analyses; specific intervention comparisons were not evaluated with sufficient frequency to
allow a conclusion of sufficient evidence.

Total Hip Replacement

For three pairwise comparisons of dose or treatment duration, there was sufficient data
(Table D). Five RCTs comparing FXal low versus high doses favored high dose FXal to
prevent total VTE, but the summary OR was not statistically significant.

Five RCTs of LMWH low versus high doses significantly favored low dose LMWH to
prevent DVT, but it was unclear whethere low or high dose LMWH better prevented proximal
DVT (4 RCTs).

Among 6 RCTs of LMWH short versus long duration treatment, long duration LMWH
resulted in fewer total PE (5 RCTSs), but the summary OR was not statistically significant. Long
duration LMWH resulted in statistically significantly lower risk of total DVT (6 RCTs) and
proximal DVTs (5 RCTSs).

Table D. Total hip replacement, comparison of different doses or treatment durations: Summary of
“sufficient” evidence

Comparison Outcome* SoE Grade | Design: No. Studies (N) | Summary OR (95% CI) | Conclusionst

FXal low vs. high dose VTE, total Low RCT: 5 (1524) 1.48 (0.92, 2.38) Favors high dose

LMWH low vs. high dose DVT, total Moderate RCT: 5 (1441) 0.46 (0.28, 0.75) Favors low dose
DVT, proximal | Low RCT: 4 (1047) 0.72 (0.38, 1.36) Unclear

LMWH short vs. long duration | PE, total Moderate RCT: 5 (1128) 2.73(0.97, 7.64) Favors long duration
DVT, total High RCT: 6 (1463) 2.87 (2.08, 3.96) Favors long duration
DVT, proximal | Moderate RCT: 5 (1300) 2.94 (1.62,5.35) Favors long duration
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Pairwise results of comparisons with sufficient evidence (i.e., not graded “insufficient” strength of evidence [SoE]). Other abbreviations: DVT =
deep vein thrombosis, FXal = factor Xa inhibitor, LMWH = low molecular weight heparin; OR = odds ratio; RCT = randomized controlled trials.
* Evaluated outcomes included total venothromboembolism (VTE), symptomatic VTE, total pulmonary embolism (PE), fatal PE, symptomatic
PE, total deep vein thrombosis (DVT), symptomatic DVT, proximal DVT, postthrombotic syndrome, pulmonary hypertension, major bleeding
(total), surgical site or wound bleeding, other major bleeding (specific), surgical site or wound infection, surgical site or wound complications
(other than bleeding or infection), heparin-induced thrombocytopenia, mechanical device complications, inferior vena cava filter complications,
and other clinically significant adverse events.

t “Unclear” can also be interpreted as no evidence of a difference (in contrast to evidence of no difference).

Total Knee Replacement

For only two pairwise comparisons of dose or treatment duration was there sufficient data
(Table E). Four RCTs found no significant difference in major bleeding for the comparison of
low versus high dose DTI.. Data for other outcomes, including VTE, were insufficient.

Four RCTs that examined relative effectiveness of low versus high doses of FXal found a
statistically significantly lower risk of total VTE and symptomatic DVT with high dose FXal.
The 4 RCTs failed to find a significant difference between low and high dose FXal to prevent
proximal DVTs. Data for other outcomes, including major bleeding, were insufficient.

Table E. Total knee replacement, comparison of different doses or treatment durations: Summary
of “sufficient” evidence

Comparison Outcome* SoE Grade | Design: No. Studies (N) Summary OR (95% CI) Conclusionst

DTl low vs. high dose Bleeding, major Low RCT: 4 (3612) 0.98 (0.50, 1.93) Either

FXal low vs. high dose VTE, total Moderate RCT: 4 (775) 2.31 (159, 3.35) Favors high dose
DVT, symptomatic Moderate RCT: 4 (802 4.76 (1.18,19.2) Favors high dose
DVT, proximal Moderate RCT: 4 (779) 2.53(0.86, 7.47) Either

Pairwise results of comparisons with sufficient evidence (i.e., not graded “insufficient” strength of evidence [SoE]). Other abbreviations: DVT =
deep vein thrombosis, FXal = factor Xa inhibitor, LMWH = low molecular weight heparin; OR = odds ratio; RCT = randomized controlled trials.
* Evaluated outcomes included total venothromboembolism (VTE), symptomatic VTE, total pulmonary embolism (PE), fatal PE, symptomatic
PE, total deep vein thrombosis (DVT), symptomatic DVT, proximal DVT, postthrombotic syndrome, pulmonary hypertension, major bleeding
(total), surgical site or wound bleeding, other major bleeding (specific), surgical site or wound infection, surgical site or wound complications
(other than bleeding or infection), heparin-induced thrombocytopenia, mechanical device complications, inferior vena cava filter complications,
and other clinically significant adverse events.

T “Unclear” can also be interpreted as no evidence of a difference (in contrast to evidence of no difference).

Hip Fracture Surgery
One RCT each compared different duration FXal and LMWH, providing insufficient
evidence.

Key Question 4

In patients undergoing major orthopedic surgery, what is the comparative
efficacy of combined classes of thromboprophylaxis interventions versus
single classes on venous thromboembolism outcomes, major bleeding,
other adverse events, and treatment adherence?

Key Points
e 6 RCTsand 2 NRCSs compared single versus combined classes of intervention in
patients undergoing THR, 5 RCTs and 3 NRCSs in patients undergoing TKR, and 1
NRCS in patients undergoing HFx surgery.
e Overall, there was insufficient evidence regarding the differences between combined or
single classes of interventions to prevent VTE or avoid adverse events.
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Note that for all three surgeries, network meta-analyses comparing individual interventions
(including combination interventions) in regard to total DVT and major bleeds are presented
under Key Question 5. However, in pairwise comparisons, relatively few studies directly
compared combination versus single interventions. Most specific comparisons were made by one
study only.

For THR, RCTs provided insufficient evidence for comparisons of antiplatelet drug versus
antiplatelet drug and mechanical device; LMWH alone versus combinations of LMWH and
antiplatelet drug, DTI, FXal, and mechanical device; mechanical device alone versus the
mechanical device and antiplatelet drug, both antiplatelet drug and UFH, and VKA; and UFH
alone versus combination UFH and LMWH. In addition, one RCT compared combination
antiplatelet drug and UFH versus combination antiplatelet device, UFH, and mechanical device.

Similarly, for TKR, RCTs provided insufficient evidence for comparisons of antiplatelet drug
versus combination antiplatelet drug and mechanical device; LMWH alone versus combinations
of LMWH and FEI or mechanical device, and UFH alone versus combination UFH and LMWH.

No studies compared single class and combination class interventions after HFx surgery.

Key Question 5

In patients undergoing major orthopedic surgery, based on network meta-
analysis, what are the comparative effects of thromboprophylaxis
interventions on deep vein thrombosis and, separately, major bleeding?

5.1 What are the comparative effects of different classes of
thromboprophylaxis interventions?

5.2 What are the comparative effects of different individual
thromboprophylaxis interventions?

Key Points
e Conclusions from all NMAs are limited due to the sparseness of direct comparisons
between most interventions within each network.
e For patients undergoing THR, NMA suggests that
0 Byclass
= Among 50 RCTs, FXal is most effective to prevent total DVT, followed
by DTI, mechanical devices, LMWH, VKA, and UFH (moderate SoE).
= Among 30 RCTs, LMWH resulted in fewer major bleeding events than
FXal, and placebo was least likely to cause major bleeding (low SoE).
o0 By intervention,
=  Among 50 RCTs, dalteparin is most effective to prevent total DVTSs,
followed by enoxaparin, (unfractionated) heparin, and, finally, warfarin
(moderate SoE).
= Despite 31 RCTs, comparisons between specific pairs of interventions
were too sparse to yield sufficient conclusions regarding risk of major
bleeding.
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e For patients undergoing either TKR or HFx surgery, comparisons between specific pairs
of classes or of intereventions were too sparse to yield sufficient conclusions regarding
risks of total DVT or major bleeding.

o0 For TKR, 28 RCTs compared classes of interventions for total DVT and 21 compared
classes of interventions for major bleeding; 4 RCTs compared specific interventions
for total DVT and 22 for major bleeding.

o For HFx surgery, 6 RCTs compared classes of interventions for total DVT and 21
compared classes of interventions for major bleeding; 8 RCTs compared specific
interventions for total DVT and 6 for major bleeding.

Total Hip Replacement

Deep Vein Thrombosis

Comparison of Classes

There were 50 RCTs that evaluated interventions in at least two classes and reported total
DVT after THR. Across this study set, 10 classes were evaluated (antiplatelet drugs, DTI, FEI,
FXal, LMWH, LMWH+mechanical, mechanical, UFH, VKA, placebo). Of the 45 possible
pairwise comparisons, 17 are covered by direct study comparisons. LMWH was the most
common comparator, being directly compared with seven other intervention classes, most
frequently with FXal (9 RCTs), UFH (10 RCTs) and placebo (11 RCTSs). Antiplatelet drugs were
directly compared with placebo and VKA only; FEI was directly compared with FXal only.

Overall, the combination of LMWH plus mechanical intervention had the highest probability
of being among the top three intervention classes (88%) to prevent DVT in patients undergoing
THR, followed by FXal (85%). The interventions likely to be among the bottom three
interventions were placebo (>99%), UFH (87%), and VKA (85%) However, omitting
interventions that are directly linked to two or fewer other interventions with two or fewer RCTs
each (antiplatelet drugs, FEI, and combined LMWH and mechanical devices), FXal is most
effective to prevent total DVT, followed by DTI, mechanical devices, LMWH, VKA, and UFH.

Comparison of Specific Interventions

In the analysis by drug (or mechanical device), there were 51 RCTs that evaluated at least
two interventions and reported total DVT after THR. However, one RCT of TB402 versus
rivaroxaban did not connect to the network of evidence and was not included. Across this study
set, 18 interventions were evaluated (apixaban, aspirin, dabigatran, dalteparin, darexaban,
desirudin, edoxaban, enoxaparin, enoxaparin+GCS, enoxaparin+IPC, fondaparinux, heparin,
IPC, semuloparin, tinzaparin, VFP, warfarin, and placebo). Of the 153 possible pairwise
comparisons, 30 are covered by direct study comparisons. Enoxaparin was the most common
comparator, being directly compared with 14 other interventions; most frequently with heparin (7
RCTSs) and placebo (7 RCTs). Dalteparin was directly compared with heparin, warfarin, and
placebo only; warfarin was also directly compared with aspirin and IPC; aspirin was also directly
compared with placebo.

Overall, the combination of enoxaparin plus IPC had the highest probability of being among
the top three interventions to prevent DVT after THR (96%), followed by apixaban (68%). The
interventions likely to be among the bottom three interventions were placebo (>99%), warfarin
(77%), and tinzaparin (50%) However, omitting interventions that are directly linked to two or
fewer other interventions with two or fewer RCTs each (most interventions), dalteparin is most

ES-32



effective to prevent total DVTs, followed by enoxaparin, (unfractionated) heparin, and, finally,
warfarin.

Major Bleeding

Comparison of Classes

There were 30 RCTs that evaluated interventions in at least two classes and reported major
bleeding after THR. Across this study set, 9 classes were evaluated (antiplatelet drugs, DT, FEI,
FXal, LMWH, mechanical, UFH, VKA, placebo). Of the 36 possible pairwise comparisons, 10
are covered by direct study comparisons. LMWH was the most common comparator, being
directly compared with six other intervention classes; most frequently with FXal (9 RCTs), UFH
(6 RCTs) and placebo (5 RCTSs). Antiplatelet drugs were directly compared with placebo only;
FEI was directly compared with FXal only.

Overall, the mechanical interventions had the highest probability of being among the top
three intervention classes (>99%) to avoid major bleeding with thromboprophylaxis after THR,
followed by VKA (86%) and placebo (57%). The interventions likely to be among the bottom
three interventions were FEI (>99%), UFH (88%), and antiplatelet drugs (67%) However,
omitting interventions that are directly linked to two or fewer other interventions with two or
fewer RCTs each (all classes except LMWH and FXal—and placebo), LMWH resulted in fewer
major bleeding events than FXal, and placebo was least likely to cause major bleeding.

Comparison of Specific Interventions

In the analysis by drug (or mechanical device), there were 32 RCTs that evaluated at least
two interventions and reported major bleeding after THR. However, one RCT of TB402 versus
rivaroxaban did not connect to the network of evidence and was not included. Across this study
set, 15 interventions were evaluated (apixaban, aspirin, dabigatran, dalteparin, darexaban,
desirudin, edoxaban, enoxaparin, fondaparinux, heparin, IPC, semuloparin, tinzaparin, warfarin,
and placebo). Of the 105 possible pairwise comparisons, 20 are covered by direct study
comparisons. Enoxaparin was the most common comparator, being directly compared with 12
other interventions; most frequently with heparin (5 RCTs) and placebo (5 RCTs). Dalteparin
was directly compared with heparin, warfarin, and edoxaban only; aspirin was directly compared
with placebo only.

Overall, IPC had the highest probability of being among the top three interventions (>99%)
to avoid major bleeding with thromboprophylaxis after THR, followed by semuloparin (61%).
The interventions likely to be among the bottom three interventions were heparin (84%) and
aspirin (66%). However, except for LMWH (and placebo) no intervention was directly compared
to more than two other interventions by at least two RCTSs each.

Total Knee Replacement

Deep Vein Thrombosis

Comparison of Classes

There were 28 RCTs that evaluated interventions in at least two classes and reported total
DVT after TKR. Across this study set, 11 classes were evaluated (antiplatelet drugs, antiplatelet
drugs + mechanical, DTI, FXal, FXIi, LMWH, LMWH-+mechanical, Mechanical, UFH, VKA,
placebo). Of the 55 possible pairwise comparisons, 18 are covered by direct study comparisons.

ES-33



LMWH was the most common comparator, being directly compared with nine other intervention
classes; most frequently with FXal (7 RCTs). The combination of antiplatelet drugs plus
mechanical was directly compared with antiplatelet drugs only.

Overall, FXal had the highest probability of being among the top three intervention classes
(89%) to prevent DVT after TKR, followed closely by the combination of antiplatelet drugs plus
mechanical (87%), then DTI (57%). The interventions likely to be among the bottom three
interventions were placebo (>99%), antiplatelet drugs (83%), and VKA (82%). However, except
for enoxaparin (and placebo) no intervention was directly compared to more than two other
interventions by at least two RCTSs each.

Comparison of Specific Interventions

In the analysis by drug (or mechanical device), there were 30 RCTs that evaluated at least
two interventions and reported total DVT after TKR. Across this study set, 21 interventions were
evaluated (apixaban, aspirin, aspirin+VFP, dabigatran, darexaban, edoxaban, enoxaparin,
enoxaparin+GCS, enoxaparin+IPC, enoxaparin+VFP, flexion, fondaparinux, FXIASO, heparin,
IPC, rivaroxaban, semuloparin, tinzaparin, VFP, warfarin, placebo). Of the 210 possible pairwise
comparisons, 32 are covered by direct study comparisons. Enoxaparin was the most common
comparator, being directly compared with 16 other interventions. Flexion was directly compared
with placebo only; enoxaparin+GCS was directly compared with enoxaparin+IPC only; IPC and
aspirin+VVFP were directly compared with aspirin only.

Overall, rivaroxaban had the highest probability of being among the top three interventions to
prevent DVT after TKR, followed by the combination of enoxaparin plus VFP (66%) and the
combination of aspirin plus VFP (59%). The interventions likely to be among the bottom three
interventions were the combination of enoxaparin plus GCS (>99%), placebo (77%), and flexion
device (67%). However, except for enoxaparin (and placebo) no intervention was directly
compared to more than two other interventions by at least two RCTs each.

Major Bleeding

Comparison of Classes

There were 22 RCTs that evaluated interventions in at least two classes and reported major
bleeding after TKR. However, one RCT of antiplatelet drugs versus the combination of
antiplatelet drugs plus mechanical did not connect to the network of evidence and was not
included. Across this study set, 7 classes were evaluated (DTI, FXal, FXIli, LMWH, UFH, VKA,
placebo). Of the 21 possible pairwise comparisons, 9 are covered by direct study comparisons.
LMWH was the most common comparator, being directly compared with each of the six other
intervention classes; most frequently with FXal (7 RCTs), DTI (5 RCTs), and VKA (4 RCTys).

Overall, VKA had the highest probability of being among the top three intervention classes
(97%) to avoid major bleeding with thromboprophylaxis after TKR. Notably, though the
mechanical devices RCTs did not provide major bleeding data. The interventions likely to be
among the bottom three interventions were FXal (75%) and FXIi (67%). However, except for
LMWH (and placebo) no intervention was directly compared to more than two other
interventions by at least two RCTSs each.

Comparison of Specific Interventions

In the analysis by drug (or mechanical device), there were 23 RCTs that evaluated at least
two interventions and reported major bleeding after TKR. However, one RCT of aspirin versus
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the combination of aspirin plus VFP did not connect to the network of evidence and was not
included. Across this study set, 14 interventions were evaluated (apixaban, dabigatran,
darexaban, edoxaban, enoxaparin, eribaxaban, fondaparinux, FXIASO, heparin, semuloparin,
TAK422, tinzaparin, warfarin, placebo). Of the 91 possible pairwise comparisons, 21 are covered
by direct study comparisons. Enoxaparin was the most common comparator, being directly
compared with each of the 13 other interventions; most frequently with dabigatran (5 RCTSs).

Across all comparisons, there were no statistically significant differences. Overall, FXIASO
had the highest probability of being among the top three interventions (67%) to avoid major
bleeding with thromboprophylaxis after TKR, followed by eribaxaban (61%). Notably, though
the mechanical devices RCTs did not provide major bleeding data. The interventions likely to be
among the bottom three interventions were darexaban (98%), fondaparinux (87%) and edoxaban
(55%). However, except for enoxaparin no intervention was directly compared to more than two
other interventions by at least two RCTs each.

Hip Fracture Surgery

Deep Vein Thrombosis

Comparison of Classes

There were six RCTs that evaluated interventions in at least two classes and reported total
DVT after HFx surgery. However, one RCT of antiplatelet drugs versus mechanical did not
connect to the network of evidence. Across this study set, four classes were evaluated (FXal,
LMWH, UFH, placebo). Of the six possible pairwise comparisons, four are covered by direct
study comparisons. LMWH was directly compared with each of the three other intervention
classes; FXal was also directly compared with placebo.

Overall, FXal and UFH were likely to be among the top two interventions whereas placebo
and LMWH were likely to be among the bottom two interventions. However, data were sparse
and only LMWH was directly compared to more than two other interventions by at least two
RCTs each (for two comparisons).

Comparison of Specific Interventions

In the analysis by drug (or mechanical device), there were eight RCTs that evaluated at least
two interventions and reported total DVT after HFx surgery. One RCT of aspirin versus VFP did
not connect to the network of evidence. Across this study set, seven interventions were evaluated
(dalteparin, edoxaban, enoxaparin, fondaparinux, heparin, semuloparin, placebo). Of the 21
possible pairwise comparisons, 8 are covered by direct study comparisons. Enoxaparin was the
most common comparator, being directly compared with five other interventions. Heparin was
directly compared with dalteparin only.

Overall, heparin (99%) and fondaparinux (98%) had the highest probabilities of being among
the top three interventions to prevent DVT after HFx surgery, followed by dalteparin (78%). The
other three interventions were likely to be among the bottom three interventions: placebo (98%),
enoxaparin (93%), and edoxaban (82%) However, no intervention was directly compared to two
other interventions by at least two RCTSs.
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Major Bleeding

Comparison of Classes

There were four RCTs that evaluated interventions in at least two classes and reported major
bleeding after HFx surgery. Across this study set, five classes were evaluated (antiplatelet drugs,
FXal, LMWH, VKA, placebo). Of the 10 possible pairwise comparisons, 6 are covered by direct
study comparisons. Placebo was the most common comparator, being directly compared with
each of the five other intervention classes.

There were no statistically significant differences. Overall, antiplatelet drugs had the highest
probability of being among the top two interventions (>99%) to avoid major bleeding with
thromboprophylaxis after HFx surgery, followed by VKA (51%). The interventions likely to be
among the bottom two interventions were FXal (98%) and LMWH (98%). However, except for
the comparison of LMWH and FXal, only single RCTs compared intervention classes.

Comparison of Specific Interventions

In the analysis by drug (or mechanical device), there were six RCTs that evaluated at least
two interventions and reported major bleeding after HFx surgery. Across this study set, eight
interventions were evaluated (aspirin, dalteparin, edoxaban, enoxaparin, fondaparinux,
semuloparin, warfarin, and placebo). Of the 28 possible pairwise comparisons, 9 are covered by
direct study comparisons. Enoxaparin was the most common comparator, being directly
compared with five other interventions. Aspirin and warfarin were directly compared with each
other and placebo only.

There were no statistically significant differences. Overall, aspirin had the highest probability
of being among the top three interventions (>99%) to avoid major bleeding with
thromboprophylaxis after HFx surgery, followed by placebo (96%) and warfarin (96%). The
interventions likely to be among the bottom three interventions were semuloparin (87%),
fondaparinux (76%), and enoxaparin (73%). However, only enoxaparin and fondaparinux were
directly compared by two RCTs.

Key Question 6

In patients undergoing major orthopedic surgery, what is the comparative
efficacy of starting pharmacologic thromboprophylaxis at different times
(i.e., preoperative, intraoperative, postoperative) on venous
thromboembolism outcomes, major bleeding, other adverse events, and
treatment adherence?

Only two RCTs compared LMWH started at different times relative to THR surgery. No
eligible studies evaluated patients with TKR or HFx surgery. There was insufficient evidence to
yield conclusions.

Discussion

A large volume of evidence has been garnered comparing intervention options to prevent
venous thromboembolism (VTE) in patients undergoing total hip replacement (THR), total knee
replacement (TKR), and hip fracture (HFx) surgery. In total this systematic review addressing
comparative effectiveness and harms of drug and mechanical interventions included 120 RCTs
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and 14 large NRCSs. However, these studies pertain to three different surgeries and include nine
different classes of intervention and 21 specific interventions (plus additional combination of
classes/interventions). Furthermore, the studies disproportionately (78%) evaluated LMWH and
enoxaparin in particular (60%). In addition, studies differed in regard to the specific VTE
outcomes that were reported. Furthermore, the large majority of studies compared different
intervention classes (relevant to Key Question 1), but few compared specific interventions within
a class (Key Question 2); different doses, regimens, or intervention durations (Key Question 3);
combinations of intervention classes (Key Question 4); or different treatment start times (Key
Question 6). Therefore, many of the conclusions (answers to the Key Questions) are highly
limited due to insufficient evidence. In addition, for most analyses, there is substantial concern
about reporting bias (see Evidence Limitations, below).

Evidence Summary

Total Hip Replacement
In summary, from direct comparisons for THR the evidence
e favors DTI vs. LMWH to lower risk of DVT with a similar risk of major bleeding
(moderate to high SoE)
e favors LMWH vs. FXal to lower risk of major bleeding (high SoE) but unclear evidence
regarding VTE with inconsistent findings likely due to reporting bias (low to moderate
SoE)
e favors LMWH vs. UFH with lower risk of VTE (but similar risk of total DVT) and
similar risk of major bleeding (moderate to high SoE)
e found a tradeoff between LMWH and VKA such that LMWH lowers risk of DVT but
VKA results in fewer episodes of major bleeding (high SoE)
e favors high dose (vs. low dose) FXal to lower risk of total VTE (low SoE) but with
insufficient evidence regarding other VTE and adverse event outcomes
e favors low dose (vs. high dose) LMWH to lower risk of total DVT (moderate SoE) but
with unclear or insufficient evidence for other VTE and adverse event outcomes
e favors long duration (vs. short duration) LMWH to lower risk of VTE, but insufficient
evidence for adverse events
From network meta-analyses,
e FXal is most effective to prevent total DVT, followed by DTI, mechanical devices,
LMWH, VKA, and UFH (moderate SoE)
e LMWH resulted in fewer major bleeding events than FXal, and placebo was least likely
to cause major bleeding (low SoE)
e dalteparin is most effective to prevent total DVTs, followed by enoxaparin,
(unfractionated) heparin, and, finally, warfarin (moderate SoE)
e comparisons between specific pairs of interventions were too sparse to yield sufficient
conclusions regarding risk of major bleeding
For other pairwise comparisons of different intervention classes or different within-class doses or
treatment duration, there is insufficient evidence. Similarly, there is insufficient evidence to
adequately address differences between specific interventions within the same class,
comparisons of single versus combination class interventions, or different start times.
Most outcomes were not reported by many studies, resulting in a high risk of reporting bias
across the evidence base. A within-study subgroup analysis was inconclusive regarding
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differential risks of bleeding with LMWH and DTI by CKD stage. Industry-funded studies had
similar finding as other studies. Asian studies had similar findings as non-Asian studies.

Total Knee Replacement

Fewer studies of TKR (than THR) yielded fewer conclusions with sufficient SoE. In
summary, from direct comparisons for TKR the evidence

e favors FXal vs. LMWH to lower risk of total DVT (low SoE) but with similar risks
between the two classes for other types of VTE (low to moderate SoE) and similar risks
of major bleeding and serious adverse events (low SoE)

e found a tradeoff between LMWH and VKA such that LMWH better lowers risk of total
DVT (high SoE), with similar risks of proximal DVT (low SoE), but VKA has a lower
risk of major bleeding (low SoE)

e found that high dose FXal (vs. low dose) yields a lower risk of total VTE and
symptomatic DVT (moderate SoE), but both result in similar risk of proximal DVT
(moderate SoE), and there is insufficient evidence for adverse events

e found similar risk of bleeding between low and high dose DT1 (low SoE), but insufficient
evidence regarding VTE outcomes.

For other pairwise comparisons of different intervention classes or different within-class doses or
treatment duration, there is insufficient evidence. Similarly, there is insufficient evidence to
adequately address differences between specific interventions within the same class,
comparisons of single versus combination class interventions, or different start times. The
network meta-analyses also produced insufficient evidence to form adequate conclusions.

Most outcomes were not reported by many studies, resulting in a high risk of reporting bias
across the evidence base. A within-study subgroup analysis did not find a substantial difference
in relative effect of antiplatelet drug vs. mechanical device between unilateral or bilateral TKR
surgery. Industry-funded studies had similar finding as other studies. Asian studies had similar
findings as non-Asian studies.

Hip Fracture Surgery

Only 12 eligible studies evaluated thromboprophylaxis interventions in patients who
underwent HFx surgery. Most specific comparisons were addressed by only one study. There is
moderate SoE that LMWH results in lower risk of total DVT than FXal, but insufficient
evidence for other outcomes. For all other comparisons and for all other Key Questions the SoE
is insufficient regarding HFx surgery.

Evidence Limitations

As noted in the evidence summary, despite the large number of trials addressing
venothromboprophlaxis in patients undergoing major orthopedic surgery, there is inadequate
evidence to confidently compare the effectiveness and the major adverse events of the myriad
treatment options. As noted, the large majority of evidence pertains to enoxaparin, limiting the
ability to compare all interventions. The network meta-analyses provided greater power to
compare all intervention classes and all interventions, but the sparseness of direct (within-study)
comparisons for many of the interventions meant that meaningful conclusions could be derived
for only a small subset of the interventions.

Further hampering evaluation of the trials, studies were not consistent in which specific
outcomes were reported. Notably only total DVT was reported by more than 80 percent of the
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studies. Only about half of studies reported major bleeding, the principal adverse event of
concern for most interventions. Most of the principal VTE outcomes were reported by 50 percent
or fewer of the studies. Only one study reported all prinicipal VTE and adverse event outcomes
and only two studies reported all VTE outcomes. Full reporting of VTE outcomes and adverse
events by trials would have allowed greater SoE for almost all intervention classes and several
specific interventions. However, studies arbitrarily or selectively reported specific outcomes.
This is highlighted by the comparison of LMWH and FXal in THR patients where by meta-
analysis seven RCTs (with over 6000 patients) found a near double odds of total VTE with
LMWH, but six, mostly different RCTs (with over 5000 patients) found double the odds of
symptomatic VTE with FXal. It is reasonably likely that the explanation for the conflicting
findings is reporting bias.

Our analyses did not find significant evidence of bias due to industry funding. However, 54
percent of the trials were industry-supported and only 13 percent of RCTs explicitly reported no
industry support, which might partially explain the selective reporting.*?? The relatively small
number of RCTs available for meta-analysis for any given comparison and the small percentage
of studies explicitly with no industry support meant that our analyses of industry funded required
us to combine RCTs with no industry support and those that did not report funding source. If
many of the studies that did not report funding were in fact industry-funded, then any real
funding-source bias would have been diluted by the misclassification of funding source.

The RCTs were generally consistent in regard to their eligibility criteria, mostly including
all-comers without contraindications. This approach improves the applicability of the individual
trials (and thus of the systematic review). Nonetheless, effect sizes in subgroups were rarely
reported in these RCTs, and it greatly hampered our ability to evaluate potential explanations for
heterogeneity or to hypothesize about possible subgroup differences based on patient history or
surgery or anesthesia characteristics. Other than funding source, we were able only to evaluate
potential differences between Asian and non-Asian studies. Overall, we found no significant
difference between studies conducted in different regions (among analyzable studies), except
major bleeding for the comparison of LMWH and FXal in patients undergoing THR (summary
OR in Asian RCTs 1.95, 95% CI 0.46 to 8.22; summary OR in non-Asian studies 0.68, 95% ClI
0.49 to 0.94). Nevertheless, the event rates in the Asian studies were generally lower than the
non-Asian studies. It suggests incomparability in the two populations besides ethnicity, which
might explain the potential difference in the treatment effects. Only two RCTSs reported on
within-study subgroup analyses based on chronic kidney disease stage (major bleeding,
enoxaparin vs. desirudin) and by unilateral versus bilateral TKR surgery (DVT, aspirin vs.
compression boots). Neither study found a significant difference in treatment effect in the
different subgroups

Future Research Recommendations

Much of the evidence base is insufficient to allow confident conclusions. Much of this lack is
due to a relative sparseness of evidence evaluating interventions other than LMWH, and
enoxaparin in particular. A more complete evidence base for the other treatments would allow
for a stronger ranking of intervention classes, and of specific interventions, in term of risk of
VTE and risk of major bleeding (and other adverse events). Currently, there has been
substantially more research conducted in patients undergoing THR than TKR; further studies
regarding TKR may be warranted. In particular, few RCTs have been conducted in HFx surgery.
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To avoid real and perceived bias (including, in particular concerns about reporting bias),
ideally, a greater number of studies should be funded independently of industry. Furthermore, to
minimize bias, all studies should report the full range of outcomes of interest, regardless of study
results. Trial registration in priori and standard reporting compliant with Consolidated Standards
of Reporting Trials (CONSORT) statement also help reduce potential reporing bias. For VTE
prophylaxis studies, there is a fairly standard list of VTE and adverse event outcomes that are
generally accepted as being of interest. This systematic review covers a complete list of
outcomes that should be reported by all studies. To reduce the risk of bias in systematic reviews,
all outcomes, particularly including those with no events, should be reported. This review made
no assumptions about unreported event rates. Therefore, since mechanical device studies rarely
reported bleeding (or other adverse event) outcomes, our pairwise and network meta-analysis
review of mechanical devices had insufficient evidence about risk of bleeding. Ideally, all
existing RCTs should report their full set of outcome results. This can relatively easily be done
by submitting trial results to a publicly-accessible registry such as ClinicalTrials.gov.

Larger RCTs should evaluate differences in treatment and adverse event effects in relevant
subgroups of patients. Ideally, these analyses should be adequately powered. Based on our
discussions with a panel of clinical experts and other key informants, the following subgroup
analyses are of interest: sex, race/ethnicity, age, body weight, tobacco use, chronic disease,
varicocities, history of bleeding disorders or surgical bleeding, prior VTE, presurgical use of
antiplatelet drugs or warfarin, or hormones, unilateral versus bilateral surgery, use of cemented
fixation, tourniquet use, tranexamic acid use, and anesthesia type. A small number of trials were
explicitly limited to some of these subgroups (including no presurgical use of antithrombotics
and unilateral surgery), the counterfactuals (e.g., only presurgical antithrombotics or bilateral
surgery) have not been studied. Since it is unlikely that RCTs will focus on these rarer and
higher-risk factors, it is more important for researchers to evaluate the subgroups within their
studies, when available.

Conclusions

While a large body of RCT evidence exists on comparative effectiveness and harms of
venothromboprophylaxis interventions after major orthopedic surgery, none of the Key
Questions are fully and adequately addressed. The largest body of evidence exists for THR, with
fewer studies of TKR, and very few studies of HFx surgery. The large majority of studies
evaluated LMWH (enoxaparin, in particular) with relatively few studies evaluating other
intervention classes. Only a small minority of studies reported no industry support. Studies did
not regularly report on all VTE-related and adverse effect outcomes, resulting in some
suggestion of reporting bias. Almost no studies reported subgroup analyses. These limitations
restrict the conclusions that can be drawn from the body of evidence.

Briefly, for patients undergoing THR, there is moderate to high SoE that FXal and DTI are
more effective than LMWH and mechanical devices to prevent VTE, which are in turn more
effective than UFH and VKA (all as single treatments). FXal and UFH result in more major
bleeding episodes than DTI or LMWH; LMWH results in more major bleeding than VKA.

For patients undergoing TKR, there is low to moderate SoE that FXal is similar in effect or
more effective to prevent VTE than LMWH, with similar risk of major bleeding. LMWH and
VKA have similar effect to prevent VTE and LMWH and DTI have similar risks of major
bleeding.
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For patients undergoing HFx surgery, there is insufficient evidence regarding relative
effectiveness or adverse event risk of interventions.

Regarding other Key Questions (beyond comparative effectiveness of intervention classes),
there is only sufficient evidence that, after THR dalteparin is most effective to prevent total
DVTs, followed by enoxaparin, (unfractionated) heparin, and, finally, warfarin; and that lower
dose, but also longer duration, LMWH is more effective to prevent total VTE (than higher dose
or shorter duration LMWH), but there is no significant difference between different LMWH
doses to prevent proximal DVTs or avoid major bleeding. There is also no significant difference
in total VTE between different doses of FXal. For all other interventions, comparisons,
outcomes, and Key Questions there is insufficient evidence.

Future studies, particularly of interventions other than enoxaparin, are needed to address
most Key Questions. These studies, and if feasible existing studies, should report all VTE-related
and adverse event outcomes. Larger trials should conduct and report subgroup analyses of
interest. Ideally, more future studies should be funded independently of industry to avoid real
and perceived bias.
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Introduction

Background

Major orthopedic surgery carries a high risk for venous thromboembolism (VTE)—deep vein
thrombosis (DVT) and pulmonary embolism (PE).* The major orthopedic surgeries of greatest
concern include total knee replacement (TKR), total hip replacement (THR), and hip fracture
(HFX) surgeries. PE, an obstruction of a pulmonary artery or its branches usually by an embolic
thrombus, is potentially life-threatening and can result in chronic complications with generally
poor prognosis, such as thromboembolic pulmonary hypertension.”* DVTs are the principal
intermediate process necessary for surgery-related PE and increase the risk of PE.® In addition,
about 5 to 10 percent of patients with symptomatic DV Ts develop severe postthrombotic
syndrome, which may include venous ulcers, intractable edema, and chronic pain; although,
these outcomes may take 10 years or more to develop.® Estimates suggest that in the
contemporary era about 4.7 percent of patients undergoing major orthopedic surgery would have
symptomatic VVTE without prophylaxis.

A variety of strategies to prevent VTE are available, including pharmacological (antiplatelet,
anticoagulant) and mechanical modalities." Pharmacologic prophylactic treatments include
unfractionated heparin (UFH), low molecular weight heparin (LMWH), vitamin K antagonists
(VKA), antithrombin I11-mediated selective factor Xa inhibitors (ATIII), direct factor Xa
inhibitors (FXal), bivalent and univalent direct thrombin inhibitors (DTI), and antiplatelet agents.
Mechanical prophylaxis aims to minimize stasis, the principal putative factor resulting in venous
thrombosis. It can be dynamic and intermittent (e.g., intermittent pneumatic compression device
[IPC]) or static (e.g., graduated compression stockings [GCS]). The modalities can be used alone
or in combination, at variable doses (of drugs) or regimens (of mechanical devices; e.g., different
pressure or compression frequency), and for different durations. However, prophylaxis with
pharmacologic strategies also has important potential harms (risks) including major bleeding,
prosthetic joint infections, and the need for reoperation, which may all lead to death or
permanent removal of the prosthetic joint. Mechanical modalities (when used alone), however,
are thought to be inferior to pharmacological agents to prevent VTE.

VTE prophylaxis (or “thromboprophylaxis™) is now standard of care for patients undergoing
major orthopedic surgery. Prophylaxis has been demonstrated to reduce the incidence of
symptomatic and asymptomatic DVT (in comparison to placebo or no prophylaxis); however,
because of rarity of postoperative PE,* the body of randomized controlled trial (RCT) evidence is
not adequately powered to demonstrate the effect of prophylaxis on PE. The effect of
prophylaxis on DVT risk reduction is generally considered an adequate proxy for likely PE risk
reduction, but it remains unknown to what extent reducing the incidence of DVTs impacts the
magnitude of any reduction in the incidence of PEs. Nevertheless, avoiding DVT is a clinically
worthwhile goal to reduce the incidence of lower extremity venous disease,” such as
postphlebitic syndrome, venous insufficiency,® ® and phlegmasia cerulean dolens (resulting in
edema, pain, and gangrene).*

Scope and Key Questions

Scope of the Review

The 2012 Comparative Effectiveness Review on Venous Thromboembolism Prophylaxis in
Orthopedic Surgery™ (hereafter “the 2012 VVTE report”) addressed many of the uncertainties in



this area, including questions regarding the natural history of VTE, predictors of VTE, and the
likelihood that DVTs result in PE in patients undergoing THR, TKR, or HFx surgery; the
comparative efficacy of VTE prophylaxis strategies with no VTE prophylaxis, within and
between classes of VTE prophylaxis modalities, and duration of VTE prophylaxis in patients
undergoing these surgeries; and the efficacy of VTE prophylaxis in nonmajor orthopedic
surgeries (knee arthroscopy, surgical repair of lower extremity injuries distal to the hip, and
elective spine surgery). The 2012 VTE report included studies published from 1980 through May
2011. It found a general dearth of evidence regarding important clinical outcomes (nonfatal PE,
fatal PE, major bleeding, reoperation), but high strength of evidence that pharmacologic VTE
prophylaxis reduces the risk of DVT compared to no VTE prophylaxis and increases the risk of
minor bleeding. Comparisons of mechanical VTE prophylaxis versus no VTE prophylaxis did
not provide strong evidence that mechanical prophylaxis reduced the risk of VTE, including,
specifically, DVT. The comparisons of different classes of VTE prophylaxis modalities (e.g.,
different pharmacologic classes or pharmacologic versus mechanical VTE prophylaxis) provided
neither adequate evidence for important clinical outcomes nor strong evidence for other
outcomes, including DVT. There were few studies evaluating the new FXals. In general,
different interventions within classes were not statistically significantly different in their effects
on DVT or bleeding. There was not strong evidence for other Key Questions.

We conducted a surveillance review of new studies potentially eligible to update all Key
Questions from the 2012 VTE report. The surveillance review is summarized in the online
protocol for this review.*? Briefly, we screened and extracted basic data from abstracts found in
PubMed from January 2010 to 16 July 2015. We evaluated the number and characteristics of
studies—including RCT, nonrandomized comparative studies, systematic reviews, meta-
analyses, and network meta-analyses—of potentially relevant articles. The updated literature
search yielded 617 citations. Using the 2012 report’s eligibility criteria, 160 articles were of
potential interest (based on information available in their abstracts). Of these, 48 were existing
systematic reviews, 49 were RCTs, 19 were pooling studies (meta-analysis or otherwise) of
previous published or unpublished trials, and 44 were nonrandomized comparative studies (with
at least 750 participants per study). We used this information to help determine the scope of the
systematic review update. Upon discussion of the current state of the evidence with a panel of
technical experts, we determined that a focused update of the 2012 AHRQ report would be of
greatest value. The panel included 10 members, including four orthopedic surgeons, two
hematologists, one pulmonologist, one pharmacologist, one physical therapist, and one nurse
practitioner. Based on their input and the findings of the surveillance review, we focused the
update on comparisons between specific prophylaxis interventions; different classes of
interventions; different doses, regimens, and treatment durations of interventions; different
combinations of interventions; and different timing of starting prophylaxis (in relation to the time
of surgery).

Several topics covered in the 2012 VTE report are not updated, including Key Questions
related to “natural history” in patients not given thromboprophylaxis and incidence or predictors
of VTE and comparing thromboprophylaxis to no thromboprophylaxis. In the modern era, it is
rare for patients to not have some form of thromboprophylaxis; therefore, this question is of less
clinical interest, and it is unlikely that there will be substantial new evidence regarding these
topics. Therefore, these topics (regarding no prophylaxis) are not updated. We also do not update
the Key Question evaluating DVT as a proxy (or predictor) for PE, as no new evidence was
expected. Finally, all questions related to orthopedic surgeries other than TKR, THR, and HFx



surgery are not updated, since only very limited new studies were found during the surveillance
review; thus, conclusions and strength of evidence are unlikely to change compared to the 2012
VTE report.

The objectives for the systematic review are to update the 2012 VTE report focused on the
comparative effectiveness (for VTE outcomes and harms) of different thromboprophylaxis
interventions for patients undergoing major orthopedic surgery (THR, TKR, and HFx surgery).

Key Questions

The following are the Key Questions addressed by the review:

KQ 1 (update of original KQ 5): In patients undergoing major orthopedic
surgery (total hip or knee replacement, hip fracture surgery), what is
the comparative efficacy between classes of thromboprophylaxis
interventions on venous thromboembolism outcomes, treatment
adherence, major bleeding, and other adverse events?

KQ 2 (update of original KQ 6): In patients undergoing major orthopedic
surgery (total hip or knee replacement, hip fracture surgery), what is
the comparative efficacy of individual thromboprophylaxis
interventions within classes (low molecular weight heparin, factor Xa
inhibitors, direct thrombin inhibitors, and mechanical devices) on
venous thromboembolism outcomes, treatment adherence, major
bleeding, and other adverse events?

KQ 3 (new KQ based on original KQ 8): In patients undergoing major
orthopedic surgery (total hip or knee replacement, hip fracture
surgery), what is the comparative efficacy of different doses,
regimens, or treatment durations of the same thromboprophylaxis
interventions (low molecular weight heparin, factor Xa inhibitors,
direct thrombin inhibitors, and mechanical devices) on venous
thromboembolism outcomes, treatment adherence, major bleeding,
and other adverse events?

KQ 4 (update of original KQ 7 plus expansion): In patients undergoing
major orthopedic surgery (total hip or knee replacement, hip fracture
surgery), what is the comparative efficacy of combined classes of
thromboprophylaxis interventions versus single classes on venous
thromboembolism outcomes, treatment adherence, major bleeding,
and other adverse events?



KQ 5 (new KQ): In patients undergoing major orthopedic surgery (total hip
or knee replacement, hip fracture surgery), based on network meta-
analysis, what are the comparative effects of thromboprophylaxis
interventions on deep vein thrombosis and, separately, major
bleeding?

e What are the comparative effects of different classes of
thromboprophylaxis interventions?

e What are the comparative effects of different individual
thromboprophylaxis interventions?

KQ 6 (new KQ): In patients undergoing major orthopedic surgery (total hip
or knee replacement, hip fracture surgery), what is the comparative
efficacy of starting pharmacologic thromboprophylaxis at different
times (i.e., preoperative, intraoperative, postoperative) on venous
thromboembolism outcomes, treatment adherence, major bleeding,
and other adverse events?

Analytic Framework

To guide the assessment of studies that examine the effect of thromboprophylaxis on final,
intermediate, and adverse outcomes in patients undergoing major orthopedic surgery the analytic
framework maps the specific linkages associating the populations of interest, the interventions,
modifying factors, and outcomes of interest. The analytic framework depicts the chains of logic
that evidence must support to link the studied interventions studied.



Figure 1. Analytic framework for the comparative effectiveness of venous thromboembolism

prophylaxis in orthopedic surgery
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* DVTs are the principal intermediate outcomes necessary for surgery-related PE or postthrombotic syndrome. Total
DVTs (asymptomatic and symptomatic, or alternatively, proximal and distal) are of interest because, conceptually, all
DVTs may result in PE or postthrombotic syndrome; although, symptomatic DVTs are believed to be a higher risk
factor for postthrombotic syndrome and proximal DVTs are believed to be a higher risk factor for PE, particularly fatal
PE. Asymptomatic and distal DVTs are not included in the list of DVTs of interest, since they are subsumed by total
DVT and are not of great clinical interest alone. Of note, it would be equally reasonable to consider DVTSs, especially
symptomatic DVTSs, to be final health outcomes.

T Total PEs includes both symptomatic and asymptomatic PEs, or alternatively, fatal and nonfatal PEs. Asymptomatic
and nonfatal PEs are not included in the list of PEs of interest, since they are subsumed by total PE and are not of
great clinical interest alone.



Methods

The present review updates and refines the 2012 Comparative Effectiveness Review on
Venous Thromboembolism Prophylaxis in Orthopedic Surgery.™ It focuses on the Key
Questions (KQ) listed at the end of the Introduction. Briefly, it evaluates the comparative
effectiveness of different thromboprophylaxis modalities or interventions, not including placebo
or no thromboprophylaxis, in patients undergoing major orthopedic surgery—total knee
replacement (TKR), total hip replacement (THR), and hip fracture (HFx) surgeries—to prevent
venous thromboembolism (VTE), including pulmonary embolism (PE) and deep vein thrombosis
(DVT) and to minimize major complications, particularly bleeding.

The Brown Evidence-based Practice Center (EPC) conducted the review based on a
systematic review of the published scientific literature, using established methodologies as
outlined in the Agency for Healthcare Research and Quality (AHRQ) Methods Guide for
Effectiveness and Comparative Effectiveness Reviews.*?

Topic Refinement and Review Protocol

We conducted a surveillance review of the literature since the last search of the 2012 VTE
report and discussed our findings with a Technical Expert Panel (TEP) and local domain experts.
The TEP provided a range of insights to allow us to refine the KQs, eligibility criteria, and
protocol, and regarding the currency and relevance of the 2012 VTE report and its KQs and
eligibility criteria. The TEP included 10 members, including four orthopedic surgeons, two
hematologists, one pulmonologist, one pharmacologist, one physical therapist, and one nurse
practitioner. The panel included committee members from the American Academy of
Orthopaedic Surgeons clinical practice guidelines, committee members from the American
College of Chest Physicians clinical practice guidelines, and an author of the 2012 VTE report.

Upon revision of the KQs for the updated systematic review, the TEP provided input to help
refine the protocol, identify important issues, and define parameters for the review of evidence.
The TEP was also asked to suggest additional studies for evaluation.

Search Strategy

A comprehensive search of the scientific literature was conducted to identify relevant studies
addressing the KQs that have been published since the 2012 VTE report, which included studies
published from 1980 through May 2011. We searched PubMed®, both the Cochrane Central
Trials Registry® and Cochrane Database of Systematic Reviews®, and EMBASE® databases.
Searches were limited to 2010 through December 23, 2015 [to be updated]. We included an
overlap of more than 1 year with the search done for the 2012 VTE report. The updated literature
searches replicated the searches from the 2012 VTE report and added additional terms for new
treatments (factor Xa inhibitors [FXal]). See Appendix A for the complete search strategy. The
search strategy was peer reviewed by an independent, experienced information
specialist/librarian.

We also searched the ClinicalTrials.gov registry and the Food and Drug Administration,
Healthy Canadians, and the U.K. Medicines & Healthcare products Regulatory Agency Web
sites for relevant documents from 2011 through July 27, 2015; no additional studies were found.
In addition, the reference lists of published clinical practice guidelines, systematic reviews, and
Scientific Information Packages from manufacturers were hand-searched, and the TEP members
were invited to provide references of new studies. Existing systematic reviews were used



primarily as sources of new studies. With the exception of studies included in the 2012 VTE
report, we extracted and incorporated any studies de novo and did not summarize or incorporate
the existing systematic reviews. All articles identified through these sources were screened for
eligibility using the same criteria as was used for articles identified through literature searches.

All studies cited and tabulated in the 2012 VTE report were screened for eligibility on a par
with new studies. However, as noted below, we relied on the summary tables in the 2012 VTE
report for data from these studies.

[Peer and public review will provide an additional opportunity for experts in the field and
others to ensure that no relevant publications have been missed. The search will be updated in all
databases upon submission of the draft report for peer and public review. All summaries and
qualitative and quantitative analyses in the update will incorporate all relevant studies, regardless
of their source.]

Study Eligibility Criteria
The current eligibility criteria are mostly similar to the criteria used in the 2012 VTE report,
as pertain to updated KQs.

Populations of Interest

For all KQs, studies of patients undergoing major orthopedic surgery (THR, TKR, HFx) were
eligible. In contrast with the 2012 VTE report, we excluded studies that included more than one
type of surgery but did not report results separately by surgery type. This modification was
implemented in part for clarity and precision across the three substantially different surgeries and
also because of indications of different risks of VTE and major bleeding for the different
surgeries, as suggested by the 2012 VTE report (total DVT on placebo: THR 39%, TKR 46%,
and HFx surgery 47%; major bleeding on placebo: THR 1%, TKR 3%, and HFx surgery 8%).*
We did not exclude studies based on details regarding the type of eligible surgery, related
anesthesia management, or perioperative care. Subpopulations of interest included those defined
by age, race/ethnicity, health status, comorbidities, prior history of abnormal surgical bleeding or
bleeding disorder, prior medications (e.g., antiplatelet drugs), kidney function, and treatment
adherence/compliance.

Interventions of Interest

The interventions of interest for all KQs included pharmacological VTE prophylaxis agents
within the defined classes of oral antiplatelet agents, injectable low molecular weight heparin
(LMWH), injectable unfractionated heparin (UFH), injectable or oral factor Xa inhibitors (FXal),
injectable or oral direct thrombin inhibitors (DTI), and oral vitamin K antagonists (VTA), and
mechanical VTE prophylaxis devices within the classes graduated compression stockings (GCS),
intermittent pneumatic compression devices (IPC), and venous foot pumps (VFP). We also
included studies of prophylactic interior vena cava filters for KQs 1 and 5 (that compared classes
of interventions). We included multimodality therapies KQ 3 (different doses, regimens, or
treatment durations). We included studies of combination therapies (e.g., drug + mechanical
prophylaxis) for KQs 4 and 5 and of different starting times relative to surgery for KQ 6.

Comparators of Interest
We included any of the above interventions as comparators as pertinent, including



KQ 1 intervention in a different class

KQ 2 intervention within the same class

KQ 3 same intervention with different (lower) dose (or anticoagulation goal), (less
intensive) regimen, or (shorter) duration

KQ 4 single modality intervention

KQ 6 same intervention started at different (later) time relative to surgery

There is an important caveat regarding KQ 5, the network meta-analyses. In contrast to other
KQs, we included placebo and no thromboprophylaxis study arms. This was done to enhance the
power of the network meta-analysis. See below, under Study Design, regarding where no
treatment arm data were derived.

Outcomes of Interest
For all KQs, except KQ 5 (the network meta-analysis), we evaluated the following outcomes:

VTE (combined PE and DVT)
o Total VTE (symptomatic and asymptomatic)
0 Symptomatic VTE
PE
o Total PE (fatal and nonfatal; symptomatic and asymptomatic)
o Fatal PE
0 Symptomatic PE

o Total DVT (symptomatic and asymptomatic; proximal and distal)
0 Symptomatic DVT
0 Proximal DVT
Postthrombotic syndrome (PTS)
Pulmonary hypertension (due to PE)
Adherence (compliance) with treatment
Adverse events due to intervention(s)
0 Major bleeding, including:
= Fatal bleeding
= Bleeding leading to transfusion
= Major bleeding leading to reoperation
= Major bleeding leading to readmission
= Surgical site / joint bleeding
= Bleeding leading to infection
= As defined by authors
Surgical site/wound-related infections
Surgical site/wound complications (other than bleeding, infection)
Heparin-induced thrombocytopenia
Adverse events due to mechanical devices (as reported by authors)
Adverse events due to I\VVC filter (as reported by authors)
Other clinically significant adverse events reported by studies

O O0O0OO00O0

For KQ 5 (the network meta-analysis), we evaluated only total DVT and major bleeding.



We included confirmed and unconfirmed VTE, but downgraded the risk of bias for those studies
that analyzed unconfirmed VTE. If both confirmed and unconfirmed VTE were reported, we
extracted only the confirmed VTE data.

Study Design

For all KQs, we included randomized controlled trials (RCT) of any sample size. For KQs
other than the network meta-analysis (KQ 5), we also included prospective or retrospective
nonrandomized comparative studies (NRCS) with at least 750 patients per surgery type, per
study. In contrast to the 2012 VTE report, we also required at least 50 patients in each included
study arm (or intervention). NRCSs with fewer than 50 patients in any study arm (per surgery
type) were still eligible if they compared at least two study arms with >50 patients and had >750
patients in the remaining study arms; however, the study arms with <50 patients were omitted
from analysis.

We included published, peer-reviewed articles, conference abstracts and presentations, and
studies reported only in the ClinicalTrials.gov Web site. Non-English language publications were
extracted by researchers fluent or facile in the published languages. Unavailable publications
were included and extracted only from their English language abstract.

Timing
We included studies with any duration of followup. For VTE outcomes, we extracted results

at all reported timepoints, but for meta-analyses we preferentially analyzed timepoints closest to
30 days postoperative (as being the most commonly reported timepoint).

Setting

Studies performed in hospital (with or without continuation of intervention or followup after
discharge)

Study Selection

We assessed titles and abstracts of citations identified from literature searches for inclusion,
using the above eligibility criteria. Abstract screening was done in the open-source, online
software Abstrackr (http://abstrackr.cebm.brown.edu/). Full-text articles of potentially relevant
abstracts were retrieved and a second review for inclusion was conducted by reapplying the
eligibility criteria. Both abstract and full-text screening was conducted in duplicate with conflicts
resolved by reconciliation among the whole research team. All rejected full-text articles were
confirmed by the project lead.

Studies included in the 2012 VTE report were reassessed for inclusion based on the
summarized data available in the 2012 VTE report. In general, we did not confirm eligibility
criteria for these studies from the full-text articles.

Data Extraction

Each study was extracted by one methodologist and confirmed by at least one other
experienced methodologist. Disagreements were resolved by discussion among the team. Data
extraction was conducted into customized forms in the Systematic Review Data Repository
(SRDR) online system (http://srdr.ahrg.gov) designed to capture all elements relevant to the



KQs. These included population characteristics, including description of patients’ surgery,
descriptions of the interventions analyzed, descriptions of relevant outcomes, sample sizes, study
design features, funding sources, results (including adverse events), and risk of bias assessment.
The forms were tested on several studies and revised as necessary. [Upon completion of the
review, the SRDR database will be] made accessible to the general public (with capacity to read,
download, and comment on data).

New studies added to the 2012 VTE report were extracted from the full-text articles and any
available supplemental material. With few exceptions, eligible studies from the 2012 VTE report
extracted and entered into SRDR based only on the available data presented in the 2012 VTE
report.

Risk of Bias Assessment

We based the methodological quality of each study on predefined criteria. For RCTs, we
used the Cochrane risk of bias tool,** which asks about risk of selection bias, performance bias,
detection bias, attrition bias, reporting bias, and other potential biases. For observational studies,
we used selected questions from the Newcastle Ottawa Scale about comparability of cohorts,
representativeness of the population, and adjustment for different lengths of follow-up.™ The
methodological quality of the eligible studies from the 2012 VTE report was based solely on
what was reported in that report’s methodological quality tables. Risk of bias questions included
in the current review that were not assessed in the 2012 VTE report were marked as “NR” (not
reported).

Data Synthesis

Narrative and Tabular Synthesis

All included studies are presented in summary tables that include the important features of
the study populations, design, intervention, and risk of bias. Study results are summarized in two
ways, depending on the available evidence across studies. For specific comparisons that were
analyzed by pairwise meta-analysis, results are reported graphically (in forest plots). For specific
comparisons, for which pairwise meta-analysis was not appropriate or feasible (i.e., not
conducted), outcome results are tabulated in Appendix F and summarized in high-level summary
tables. Analyses with sufficient evidence for meta-analysis (including network meta-analysis are
described in the text. Other comparisons with inadequate evidence (for meta-analysis and from
the perspective of strength of evidence) are summarized more generally. [Upon publication of
the final report, all outcome results will be available in SRDR and will be compiled into a simple
spreadsheet that will be publically available.]

Pairwise Meta-Analysis

For KQs 1 through 4 and 6, we conducted restricted maximum likelihood random effects
model meta-analyses of four or more comparative studies that were sufficiently similar in
population, interventions, and outcomes. Odds ratios (ORs) were chosen as the metric to analyze
categorical outcomes. In the analysis of rare outcomes (<1%), we used Peto’s OR.***® Studies
with no events in both trial arms were excluded as they do not contribute to the estimate of the
summary effect. In the analysis by class (KQ 1), for trials containing arms with different doses of
the same intervention, we included the arm that was most similar to other studies or the arm with
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the largest sample size in the event that it was the only study of that intervention. Pairwise meta-
analyses were conducted in R using the metafor package. Results are presented in terms of
summary ORs and the corresponding 95 percent confidence interval (CI).

Network Meta-Analysis

To address KQ 5, we conducted network meta-analyses under a Bayesian framework.
Network meta-analysis is an extension of pairwise meta-analyses that simultaneously combines
direct comparisons (where interventions are compared head-to-head) and indirect comparisons
(where interventions are compared through other reference interventions). Combining the direct
and indirect evidence not only improves precision of estimates, but also provides estimates for
all pairwise comparisons, including those missing from the direct evidence. The key assumption
of the network meta-analysis is that there is consistency of direct and indirect effects.
Consistency is likely to hold when the distribution of effect modifiers is similar across trials, and
thus, patients are similar across trials. If this assumption is violated, there may be inconsistency
between the direct evidence and indirect evidence of treatment comparisons (where the direct
and indirect comparisons contradict each other).

For binary outcomes (e.g., total DVT and major bleeding), the network meta-analysis model
corresponds to a generalized linear mixed model with a logit link. We included random effects
on the treatment parameters, which allowed each study to have a different but related treatment
effect estimate versus a reference treatment. The amount of between-study variance
(heterogeneity) was assumed to be constant across all treatment comparisons. If these models did
not converge, we used a fixed effect model, which sets the between-study variance to 0. We used
noninformative prior distributions for the model parameters.

For each analysis, we empirically assessed if the network meta-analysis consistency
assumption was violated by comparing the direct and indirect evidence using a node-splitting
approach.'® This approach evaluates each treatment comparison in terms of its direct and indirect
evidence estimates. Discrepancies between these estimates indicate inconsistency. Since we did
not find any evidence of inconsistency, only results from the (consistency) network meta-
analysis are presented.

We conducted a total of 12 network meta-analyses to compare all treatment alternatives
across studies. For each of three surgeries (THR, TKR, and HFx surgery) and for the two
outcomes (total DVT and major bleeding) we conducted two analyses: 1) comparisons of classes
of thromboprophylaxis interventions (e.g., LMWH, antiplatelet drugs) and 2) comparisons of
individual interventions. For trials containing arms with different doses of the same intervention,
we included the arm that was most similar to other studies or the arm with the largest sample size
in the event that it was the only study of that intervention. For all network meta-analyses (in
contrast to KQ 1-4 and 6), we included placebo/no treatment as an intervention (or class) to
strengthen the network of evidence. Network meta-analyses were conducted in R using the gemtc
package. Results are presented in terms of summary ORs and the corresponding 95 percent
credible interval (Crl).

Subgroup Analyses and Metaregression

All studies were evaluated for within-study subgroup (or predictor) analyses. As feasible,
studies were also categorized based on whether, as a whole, they evaluated particular populations
of interest, such as studies that included at least 90 percent of a subgroup of interest, including
sex, race/ethnicity, older age group, body weight category, tobacco use, chronic disease,
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varicocities, history of bleeding disorders or surgical bleeding, prior VTE, presurgical use of
antiplatelet drugs or warfarin, or hormones, unilateral versus bilateral surgery, use of cemented
fixation, tourniquet use, tranexamic acid use, and anesthesia type. We also investigated potential
differences between studies based on industry funding and study region (Asia vs. other). We
aimed to conduct random effects model metaregressions for many variables but data were too
sparse to allow meaningful analyses for most.

Grading the Strength of Evidence

We graded the strength of the body of evidence as per the AHRQ methods guide on assessing
the strength of evidence.?’ We assessed the strength of evidence for each principal health
outcome, as determined with input from the panel of technical experts: total VTE, symptomatic
VTE, PE, DVT, and adverse events. Following the standard AHRQ approach, for each
intervention and comparison of intervention, and for each outcome, we assessed the number of
studies, their study designs, the study limitations (i.e., risk of bias and overall methodological
quality), the directness of the evidence to the KQs, the consistency of study results, the precision
of any estimates of effect, the likelihood of reporting bias, and the overall findings across studies.
Based on these assessments, we assigned a strength of evidence rating as being either high,
moderate, or low, or there being insufficient evidence to estimate an effect. A priori, we
determined that specific comparisons with <2 analyzable studies provide insufficient evidence to
evaluate strength of evidence. In addition, all estimates with 95 percent Cl or Crl beyond the
arbitrary thresholds of both 0.5 and 2.0 were considered to be highly imprecise, resulting in a
strength of evidence of “Insufficient” since both very beneficial and very harmful effects are
within the effect range. Similarly, if the 95 percent Cl or Crl was beyond both 0.8 and 1.25, the
estimate was considered imprecise and the highest possible strength of evidence was “Low”. Due
to concerns about reporting bias, for analyses with sufficient data, the SoE was downgraded if
<80 percent of the RCTs evaluating a given comparison reported a given outcome (if >1 study
missing). The data sources, basic study characteristics, and each strength-of-evidence
dimensional rating are summarized in a “Strength of Evidence” table detailing our reasoning for
arriving at the overall strength of evidence rating.

Peer Review

A draft version of this report is being reviewed by a panel of expert reviewers, including
representatives from [pending] and the general public. The reviewers included experts in
[pending]. These experts were either directly invited by the EPC or offered comments through a
public review process. Revisions of the draft will be made, where appropriate, based on their
comments. The draft and final reports [will] also reviewed by the Task Order Officer and an
Associate Editor from another EPC. However, the findings and conclusions are those of the
authors, who are responsible for the contents of the report.
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Results

The Results chapter is organized first by Key Question, then by surgery—in the following
order: total hip replacement (THR), total knee replacement (TKR), and hip fracture (HFx)
surgery. Subsequently, results are ordered by comparison in alphabetical order. Comparisons
with no evidence (no studies) are omitted. Outcomes are reported in three categories, as follows:
1) venous thromboembolism (VTE) related outcomes—including VTE, pulmonary embolism
(PE), deep vein thrombosis (DVT), and other VTE-related outcomes (postthrombotic syndrome
[PTS] and pulmonary hypertension [HTN]); 2) adverse events, including major bleeding, other
bleeding, serious adverse events (combined), and other adverse events; and 3) adherence.
Specific outcomes not reported within each intervention comparison section had no data.

Appendix A presents the literature search strategies (for each searched database). Appendix
B lists the articles that were reviewed in full text that were excluded, with their rejection reasons.
Appendix C presents the study-level risk of bias assessments of all studies (divided by surgery
type for randomized controlled trials [RCT] and then for all nonrandomized comparative studies
[NRCS]). Appendix D presents study-level study design and baseline data (divided as in
Appendix C). Appendix E presents study-level intervention arm details (also divided as in
Appendix C). Appendix F presents study-level results details.

Summary of Studies

The literature searches yielded 1481 citations (Figure 2). We rescreened 118 studies
included in the 2012 VTE report and 107 references found in relevant existing systematic
reviews. Of these, 423 articles were screened in full text, of which 289 were excluded for the
reasons listed in Figure 2 and Appendix B. The included 134 studies, 120 RCTs and 14 NRCSs;
they provided 81 studies of THR, 54 of TKR, and 12 of HFx surgery. The publication status and
sources of the studies are listed in Figure 2. The grey literature searches added no studies.

Studies evaluated the following thromboprophylaxis classes (and combinations thereof):
antiplatelet drugs, direct thrombin inhibitors (DTI), factor VI1II inhibitors (FEI), factor Xa
inhibitors (FXal), factor XI inhibitors (FXIi), low molecular weight heparin (LMWH),
mechanical devices, unfractionated heparin (UFH), and vitamin K antagonists (VKA). The
studies evaluated the following specific interventions (and combinations thereof): apixaban,
aspirin, dabigatran, dalteparin, darexaban, desirudin, edoxaban, enoxaparin, eribaxaban, flexion
devices, fondaprinux, factor XI antisense oligonucleotide (FXIASO), graduated compression
stockings (GCS), heparin, intermittent pneumatic compression (IPC), rivaroxaban, seuloparin,
TAK422, tinzaparin, venous foot pump (VFP), and warfarin.

We chose the principal outcomes for this review (the various VTE outcomes, major bleeding,
and serious adverse events) based on an a priori determination of their importance in regards to
thromboprophylaxis choice decisionmaking and the high likelihood that these outcomes would
be available to to researches of almost all RCTs. However, we found that for most of the
outcomes only a minority of studies reported them. Only total DVT was reported by more than
80 percent of the studies (82%), an arbitrary threshold we chose to suggest high risk of reporting
bias. In descending order, the remaining principal outcomes were proximal DVT (68% of studies
reported), total PE (54%), major bleeding (53%), fatal PE (50%), symptomatic DVT (40%),
symptomatic VTE (20%), total VTE (16%), symptomatic PE (16%), and serious adverse events
(12%).
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Randomized Controlled Trials

Among the RCTs, 59 (51%) reported industry funding, 3 (3%) used materials supplied by
industry, 15 (13%) explicitly reported no industry support, and 39 (34%) RCTs did not provide
funding information (Appendix D).

In general, for the RCTSs the risk of bias was low in randomization, allocation concealment,
group similarity at baseline, and methods used for outcome assessment. Reporting, compliance
with interventions, timing of outcome assessment, and definition of adverse effects were
explicitly reported in fewer than half of the RCTs. Fifty-one RCTs had a high risk of bias
regarding blinding of patients (in addition, 14 had unclear risk of bias, 1 not reported from the
original report?), 50 for blinding of healthcare providers (22 unclear, 1 not reported from the
original report), and 16 for blinding of outcome assessors (29 unclear). Twenty-three RCTs had a
high risk of bias in compliance of intention-to-treat principle in data analysis (8 unclear).
Attrition bias was rated high in 19 RCTs (14 unclear). A full list of risk of bias evaluation is
available in Appendix C.

Nonrandomized Comparative Studies

Overall, we included 14 NRCSs. Six NRCSs evaluated THR,??® seven TKR,?***, two had
separate analyses of THR and TKR,** 3* and one evaluated HFx surgery.* Two reported industry
funding,?® " and the other 12 NRCSs explicitly reported no industry support (Appendix D). In
general, the risk of bias was low for incomplete results reporting (2 unclear) and timing of
outcome assessments (3 unclear). One NRCS had high risk of bias for adverse event reporting
and one was unclear. Similarly, one NRCS had high risk of bias for compliance with
interventions and a second was unclear. One NRCS had high risk of bias for patient selection,
and a second was unclear. Seven NRCSs had high risk of bias for group similarity at baseline (4
unclear); five for assessment of outcomes (4 unclear). Seven NRCSs had high risk of bias for
blinding of outcome assessors, and another five were unclear. Eight had high risk of bias for
selective outcome reporting. Full risk of bias evaluations are in Appendix C.

Subgroup Analyses

Only two of the RCTs reported subgroup analyses. These are reported in the appropriate
sections, based on the Key Question, surgery, and intervention comparison. We collected data to
conduct metaregressions across studies based on different population characteristics as listed in
the Methods section (under Subgroup Analyses and Metaregression). However, overall, studies
were generally homogeneous in regard to study eligibility criteria (within surgical types). Almost
all studies included all-comers and did not restrict eligibility based on patient or surgery
characteristics. Some studies excluded patients with a bleeding history or chronic VKA or
antiplatelet drug use, but the counterfactuals (studies that included only patients with a bleeding
history or on chronic antithrombosis drugs) were rare or nonexistent. Therefore, analyses across
studies of different subgroups were not productive.

For comparisons with at least six studies that could be meta-analyzed (that evaluated the
same surgery and the same class or intervention comparison), we conducted metaregressions if at
least one of the studies differed in a study-level covariate. Based on the available data, we thus

% The current review assessed risk of bias domains not consistently addressed by the 2012 VTE report.
We did not assess these studies for these risk of bias domains, but instead marked them as “not
reported”.
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conducted metaregressions for differences in funding source (industry vs. other funding source)
and geography (Asian vs. non-Asian study). This latter comparison was conducted due to a
perception that risks of VTE and adverse effects may differ in Asian populations.®

Figure 2. Literature flow

Studies from Studies from Studies from
database searches 2012 VTE report other existing SR
(1481 citations) (118 studies) (107 references)
Excluded in

\ 4

abstract screening
(1283 citations)

Full-text
screened
(423 citations)

Excluded (289 articles)
Published pre-2010 (95)
Duplicate publication (50)
Combined surgeries (32)
No intervention of interest (25)
No comparison of interest (21)
NRCS, N<750 total (15)
No primary data (14)
> SR or MA without references (12)
Not surgery of interest (7)
Not population of interest (5)
No or insufficient results data reported (5)
Comparator mixed interventions (2)
No analysis by intervention (2)
NRCS, no treatment comparison only (2)
No outcome of interest (1)
No abstract or full text available (1)

A
Included (134 studies)
RCTs (120)
NRCSs (14)

Total hip replacement (81%)
Total knee replacement (54%)
Hip fracture surgery (12*)

Peer reviewed (132)
Conference abstract (2)

From 2012 VTE report (81)
From new literature search (50)
From other existing SR (3)

From grey literature searches (0)

* Sums to more than 134 since some studies reported different surgeries separately.
Abbreviations: MA = meta-analysis, N=sample size, NRCS = nonrandomized comparative study, RCT = randomized
controlled trial, SR = systematic review, VTE = venous thromboembolism.
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Key Question 1

In patients undergoing major orthopedic surgery, what is the comparative
efficacy between classes of thromboprophylaxis interventions on venous
thromboembolism outcomes, major bleeding, other adverse events, and
treatment adherence?

Note that for all three surgeries, network meta-analyses comparing classes in regard to total
DVT and major bleeds are presented under Key Question 5. The results of comparisons with
what was deemed to have sufficient evidence are summarized here; other comparisons are noted,
but were deemed to have insufficient evidence.

Total Hip Replacement

The results summary table (Table X1) is presented at the end of the THR section. It includes
results for all reported comparisons and outcomes from THR RCTs. The reader should refer to
this table for each results section summary even though the table is not repeatedly cited in each
section. Where data are summarized only appendix tables or are summarized in figures, these are
cited.

Antiplatelet Drug Versus VKA

Two RCTs (N=274) and one NRCS (N=887) compared an antiplatelet drug to a VKA;?> 3" 3
in one RCT a mechanical device was used in all patients. One RCT reported on total and
proximal DVTs; the other reported total PE and proximal DVTs. In all analyses, there was no
significant difference between intervention classes. The NRCS found a higher rate of bleeding
events in the VKA group compared to the antiplatelet group (1.7% vs. 0.3%), without statistical
analysis (Appendix Table F4).”® Neither study reported on adherence.

Antiplatelet Drug Versus Mechanical Device

A U.S.-based registry NRCS of 14,657 THR patients found no significant difference in total
PE between aspirin and mechanical devices (OR 1.41, 95% CI 0.37 to 5.34), controlling for age,
sex, anesthesia risk category, and use of general anesthesia (Appendix Table F4).2®

DTI Versus FXal

One RCT compared DTI versus FXal, in which all patients were also treated with LMWH.*
The study reported only on total DVT, finding no difference between the two intervention
classes.

DTI Versus UFH

Two RCTs (N=999) compared DTI versus UFH.** ** Both studies found no significant
differences in total PE events and neither reported a fatal PE event. Both found statistically
significant differences in total and proximal DVTs, favoring DTI (total DVT: OR 0.26 and 0.44;
proximal DVT: OR 0.13 and 0.18).

Neither study reported a fatal bleed. One study found no significant difference in bleeding
leading to reoperation and one had no such events. One study found no significant difference in
surgical site bleeding. Both studies found no significant difference in 30-day mortality.

Neither study reported on adherence.
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FEI Versus FXal

One RCT (N=415) compared FEI versus FXal.*? The study found no significant difference in
rates of total VTE, total DVT, and proximal DVT, but no events in either arm for symptomatic
VTE, fatal PE, symptomatic PE, or symptomatic DVT.

The study found no significant difference in rate of major bleeding but significantly more
surgical site bleeding with FEI. There was no significant difference in 30-day mortality.

The study did not report on adherence.

LMWH Versus Antiplatelet Drug

Two NRCSs compared LMWH with an antiplatelet drug (Appendix Table F4).?* % Both
evaluated total PE. One reported no significant difference in total PE, but the other found a
higher PE rate in the antiplatelet drug group (1.7%) than the LMWH group (0.2%), without
statistical analysis. One of the NRCSs found no significant difference in total DVT or major
bleeding events.

LMWH Versus DTI
Four RCTs (N=6900) compared LMWH versus DTI.****¢ All reported on VTE-related
outcomes.

VTE Outcomes

No VTE-related outcome was analyzed by more than three RCTs. One study found no
significant difference in symptomatic VTE.** Two studies found no significant differences in
total PEs or fatal PEs (one study had no fatal PE events).* % Three studies analyzed total DVT;
all found more total DVTs with LMWH, but the difference was statistically significant in only
one study (range of ORs: 1.14 [95% C1 0.79 to 1.64] to 1.52 [95% CI 1.19 to 1.94]).** ** % The
same three studies found similar results for proximal DVT (range of ORs: 1.35 [95% CI 0.53 to
3.42] to 1.89 [95% CI 1.04 to 3.44]). Two of the studies found no significant difference in
symptomatic DVT events.*? 44 4

Major Bleeding

Four RCTs (N=6900) that compared LMWH and DTI reported major bleeding (0.9-2.2% in
LMWH, 1.4-3.8% in DTI).****® The rate was lower in the LMWH group in three RCTs.**°
Meta-analysis of the four RCTs found no significant difference between the two drug classes for
the risk of major bleeding (summary OR=0.79; 95% CI 0.55 to 1.14). Study results were
homogeneous (I>= 0%, P = 0.77) (Figure 1.thr.1).

Subgroup Analysis

One RCT reported results for serious bleeding by level of chronic kidney disease (CKD).
Event rates were low for all participants (2% in both the enoxaparin and desirudin arms). They
reported that for CKD stage 3B (n=569), more patients experienced a major bleed in the
desirudin arm than in the enoxaparin arm, although the difference was not statistically significant
(1.8% vs. 0.3%; P =0.11). For CKD 3A (n=758), the rates were the same (0.3% in both arms).
For CKD 1-2 (n=700), DVT rates were also lower in the enoxaparin arm (0.6% vs. 0%).*’

43, 47
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Figure 1.thr.1. Forest plot: Major bleeding, LMWH vs. DTI

LMWH DTl
Author year PMID n N n N Odds Ratio [95% CI]
Eriksson 2005 15634273 THA 6 270 10 266 i 058[0.21,162]
Eriksson 2011 21225098 g9 1003 14 1010 omi 064[0.28,150]
Eriksson 2007B 17869635 18 1154 23 1146 »—I-—' 07771042,144]
Eriksson 1997B 9358126 20 1023 20 1028 -—I- 1.00[0.54,1.88]
Pairwise MA result [I*2: 0%; P value: 0.768] ’ 0.79[0.55,1.14]
NMA result 4:» 0.79[0.55,1.13]

T
014 061 272
Odds Ratio (log scale)

Favors LMWH  Favors DTl

Forest plot of randomized controlled trials with calculated odds ratio and 95% confidence interval (CI)
based on numbers of events (n) and sample sizes (N), with random effects model summary estimate
(Pairwise meta-analysis [MA] result) and equivalent summary estimate from corresponding network meta-
analysis (NMA). I"2 = percentage of total variation across studies due to heterogeneity; P value = chi-
square P value for heterogeneity.

Other abbreviations: DTI = direct thrombin inhibitor, LMWH = low molecular weight heparin, PMID =
PubMed identifier.

Other Adverse Events

Two RCTs evaluated fatal bleeding;** ** one found no significant difference, one had no fatal
bleeding events. One study each found no significant difference in bleeding leading to
reoperation or surgical site bleeding. Three RCTs found no significant difference in 30-day
mortality (range of ORs: 0.14 [95% CI 0.01 to 2.75] to 3.03 [95% CI 0.12 to 74.5]).**

Adherence
No study reported on adherence.

LMWH Versus FXal
Eleven RCTs (N=12,472) compared LMWH versus FXal***®; one NRCS also evaluated this
comparison.?* All 12 studies reported on \VTE-related outcomes.

Total VTE

Seven RCTs (N=6389) compared LMWH and FXal and reported the occurrence of total
VTE (1.1-43.8% in LMWH, 0.5-21.2% in FXal).**>%°%-%8 The rate was significantly lower in the
FXal group in three RCTs.* % %% Meta-analysis of the seven RCTs yielded a summary OR of
1.82 (95% CI 1.23 to 2.71) for the risk of total VTE, significantly favoring FXal. Significant
heterogeneity was shown across the seven RCTs (12 = 45%, P = 0.075) (Figure 1.thr.2). No clear
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explanation of the statistical heterogeneity could be found; however, specific drugs, doses, and
regimens varied across RCTSs.

Figure 1.thr.2. Forest plot: Total VTE, LMWH vs. FXal

LMWH FXal
Author year PMID n N n N 0Odds Ratio [95% CI]
Eriksson 2014 24136153 48 314 B 274 »—]—« 1.19[0.75,1.90]
Eriksson 2010 20088935 24 127 16 120 !1—- 1.51[0.76,3.02]
Fuji 2015 26269694 17 248 6 255 —— 3.05[1.18,7.88]
Fuji 2014D 22952213 THA 2 g2 7 134 i 045[0.09,224]
Fuji 2014A 25047458 3 74 ) R 148[0.24,912]
Lassen 2010A 21175312 25 2195 10 2199 [ 252[121,526]
Raskaob 2010 20589317 63 144 32 151 | i 2.89[1.74,482]
Pairwise MA result [I"2: 45%; P value: 0.075] [ 1.82[1.23,271]
T 1 T 1

0.05 0.37 272 2009
Odds Ratio (log scale)

Favors LMWH  Favors FXal

Forest plot of randomized controlled trials with calculated odds ratio and 95% confidence interval (CI)
based on numbers of events (n) and sample sizes (N), with random effects model summary estimate
(Pairwise meta-analysis [MA] result). I"2 = percentage of total variation across studies due to
heterogeneity; P value = chi-square P value for heterogeneity.

Other abbreviations: FXal = factor Xa inhibitor, LMWH = low molecular weight heparin, PMID = PubMed
identifier.

Symptomatic VTE

Six RCTs (N=5569) reported on symptomatic VTE for comparisons of LMWH and FXal (0-
1.2% in LMWH, 0-2.6% in FXal).*>0-%2 345557 The rate was lower in the FXal group in four
RCTs,> > % ¥ statistically significant so in one.>® Two RCTs*® *° reported no occurrence of
symptomatic VTE in either group. Meta-analysis of the other four RCTs yielded a summary OR
of 0.52 (95% CI 0.31 to 0.87) for the risk of symptomatic VTE, significantly favoring FXal.
Study results were homogeneous (I = 0%, P = 0.78) (Figure 1.thr.3).
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Figure 1.thr.3. Forest plot: Symptomatic VTE, LMWH vs. FXal

LMWH FXal

Author year PMID n N n N Odds Ratio [956% CI]
Fuji 2015 26269694 0 248 0 255 Excluded
Fuji 2014A 25047458 0 74 0 72 Excluded
Eriksson 2010 20088935 0 127 1 120 : 0.31[0.01,7.74]
Lassen 2002 12049858 9 1123 12 1129 —— 0.75[0.32,1.79]
Turpie 2002 12049860 13 1128 29 1126 — 04410.23,085]
Yokote 2011 21282767 0 83 1 84 ; 0.33[0.01,830]
Pairwise MA result [[*2: 0%, P value: 0.776] - 052[0.31,087]
[ T T T 1

0.00 002 014 1.00 7.39 5460
Odds Ratio (log scale)

Favors LMWH  Favors FXal

Forest plot of randomized controlled trials with calculated odds ratio and 95% confidence interval (CI)
based on numbers of events (n) and sample sizes (N), with random effects model summary estimate
(Pairwise meta-analysis [MA] result). I"2 = percentage of total variation across studies due to
heterogeneity; P value = chi-square P value for heterogeneity.

Other abbreviations: FXal = factor Xa inhibitor, LMWH = low molecular weight heparin, PMID = PubMed
identifier.

Total DVT

Nine RCTs (N=8645) that compared LMWH and FXal reported total DVT (2.4-18.9% in
LMWH, 0-13.3% in FXal).*®% 5254555799 The rate was significantly lower in the FXal group in
four RCTs.* %> %738 Meta-analysis of the nine RCTs yielded a summary OR of 1.97 (95% Cl
1.42 to 2.74) for the risk of total DVT, significantly favoring FXal. There was significant
heterogeneity across the RCTs (I = 40%, P = 0.064) (Figure 1.thr.4). No clear explanation of
the statistical heterogeneity could be found; however, specific drugs, doses, and regimens varied
across RCTs. A single NRCS found no significant difference between intervention classes
(Appendix Table F4).%*
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Figure 1.thr.4. Forest plot: Total DVT, LMWH vs. FXal

Author year PMID rl'l'MWml anaIN Odds Ratio [956% CI]
Eriksson 2010 20088935 24 127 16 120 i 151[076, 3.02]
Fuji 2015 26269694 17 248 6§ 255 —— 305[1.18, 7.88]
Fuji 2014D 22952213 THA 2 82 6 133 '—H:ﬂ 0.53[0.10, 269]
Fuji 2014A 25047458 3 74 2 72 [ ——— 148[024, 912]
Lassen 2002 12049858 83 918 36 908 i 241161, 360]
Lassen 2010A 21175312 68 1911 22 1944 - 3221198, 524]
Turpie 2002 12049860 65 796 44 784 - 150[1.01, 222]
Yokote 2011 21282767 5 83 6 84 i 083024, 284]
Zhang 2013 EMBASE 2014592535 7 53 0 53 e — 17.26[0.96,310.39]
Pairwise MA result [1*2: 40%; P value: 0.064] - 197[142, 274]
NMA resuit |- 1.98[1.31,2.98)]

f T i I T |
002 014 1.00 739 5460 40343
Odds Ratio (log scale)

Favors LMWH  Favors FXal

Forest plot of randomized controlled trials with calculated odds ratio and 95% confidence interval (CI)
based on numbers of events (n) and sample sizes (N), with random effects model summary estimate
(Pairwise meta-analysis [MA] result) and equivalent summary estimate from corresponding network meta-
analysis (NMA). I"2 = percentage of total variation across studies due to heterogeneity; P value = chi-
square P value for heterogeneity.

Other abbreviations: FXal = factor Xa inhibitor, LMWH = low molecular weight heparin, PMID = PubMed
identifier.

Symptomatic DVT

Eight RCTs (N=11,253) that assessed LMWH and FXal reported symptomatic DVT (0-0.3%
in LMWH, 0-1.2% in FXal).*®-%% %2 54.55.57.38 patjents who received LMWH had a lower rate in
four RCTs.%2>*% %" Three RCTs***° had no patients with symptomatic DVT in either study arm.
Meta-analysis of the other five RCTs found an imprecise estimate of OR with no significant
difference between the two drug classes for the risk of symptomatic DVT (summary OR=0.82;
95% CI 0.34 to 1.97). There was significant statistical heterogeneity across the RCTs (1° = 47%,
P =0.01) (Figure 1.thr.5). No clear explanation of the statistical heterogeneity could be found,
however, specific drugs, doses, and regimens varied across RCTSs.
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Figure 1.thr.5. Forest plot: Symptomatic DVT, LMWH vs. FXal

LMWH FXal

Author year PMID n N n N Peto Ocds Ratio [95% CI]
Fuji 2015 26269694 0 248 0 255 Excluded
Fuji 2014D 22952213 THA 0 103 0 174 é Excluded
Fuji 2014A 25047458 0 74 0 72 Excluded
Eriksson 2010 20088935 0 127 1120 _— 0.35[0.02, 5.57]
Lassen 2002 12049858 1 1123 3 1129 »—-—.—| 0.45[0.08, 261]
Lassen 2010A 21175312 8 2699 1 2708 I 408[1.18,14.10]
Turpie 2002 12049860 0 1128 5 1126 — 0.19[0.04, 093]
Yokote 2011 21282767 0 83 1 84 — 0.37[0.02, 597]
Pairwise MA result [I*2: 47%; P value: 0.01] ---- 082[034, 1.97]
f T T l

002 014 1.00 7.39 5460
Odds Ratio (log scale)
Favors LMWH  Favors FXal

Forest plot of randomized controlled trials with calculated Peto odds ratio and 95% confidence interval
(Cl) based on numbers of events (n) and sample sizes (N), with Peto fixed effects model summary
estimate (Pairwise meta-analysis [MA] result). 1"2 = percentage of total variation across studies due to
heterogeneity; P value = chi-square P value for heterogeneity.

Other abbreviations: FXal = factor Xa inhibitor, LMWH = low molecular weight heparin, PMID = PubMed
identifier.

Proximal DVT

Ten RCTs (N=9622) comparing LMWH and FXal reported proximal DVT (0-13.9% in
LMWH, 0-3.3% in FXal).*®°%2%%%9 The rate was significantly lower in patients who received
FXal in three RCTs.%*® Two RCTs reported no proximal DVT in either comparison group.*®*°
Meta-analysis of the other eight RCTs yielded a summary OR of 2.40 (95% CI 1.23 to 4.69),
finding a significantly lower risk of proximal DVT in the FXal group. Significant heterogeneity
was shown across the RCTs (I°= 51%, P = 0.037) (Figure 1.thr.6). No clear explanation of the
statistical heterogeneity could be found; however, specific drugs, doses, and regimens varied
across RCTs.

22



Figure 1.thr.6. Forest plot: Proximal DVT, LMWH vs. FXal

Author year PMID rl'l'MWml anaIN Odds Ratio [956% CI]
Fuji 2014D 22952213 THA 0 103 0 174 Excluded
Fuji 2014A 25047458 0 74 0 72 Excluded
Eriksson 2010 20088935 5 127 2 120 — . 242046, 1271]
Fuji 2015 26269694 2 248 1 255 ——m——— 207[019, 2292]
Lassen 2002 12049858 23 927 6 922 —— 388([157, 958]
Lassen 2010A 21175312 20 2190 7 2196 ——— 288122, 6.83]
Raskob 2010 20589317 20 144 5 151 —— 471[1.72, 12.92]
Turpie 2002 12049860 10 830 14 816 - 070[0.31, 158]
Yokote 2011 21282767 0 83 1 84 : 0.33[0.01, 8.30]
Zhang 2013 EMBASE 2014592535 7 53 0 53 —— 17.26[0.96,310.39]

Pairwise MA result [I*2: 51%; P value: 0.037] | —— 240[1.23, 469]

[ I T I T I 1
0.00 0.02 014 1.00 7.39 5460 403.43

Odds Ratio (log scale)
Favors LMWH  Favors FXal

Forest plot of randomized controlled trials with calculated odds ratio and 95% confidence interval (CI)
based on numbers of events (n) and sample sizes (N), with random effects model summary estimate
(Pairwise meta-analysis [MA] result). I"2 = percentage of total variation across studies due to
heterogeneity; P value = chi-square P value for heterogeneity.

Other abbreviations: FXal = factor Xa inhibitor, LMWH = low molecular weight heparin, PMID = PubMed
identifier.

Other VTE Outcomes

Four RCTs>***°" 8 and one NRCS? reported on total PE, but there were no PE events in
one RCT and in the NRCS. Among the remaining three studies, no significant differences were
found (range of ORs: 0.33 [95% C1 0.11 to 1.03] to 1.67 [95% CI 0.40 to 7.01]). Eight studies*®
50-52,54,55.57.58 renorted on fatal PEs, but only two studies had fatal PE events; the two studies
found no significant differences (range of ORs: 0.33 [95% CI 0.01 to 8.21] to 2.00 [95% CI1 0.18
to 22.1]). Similarly, five studies reported on symptomatic PEs, but only one study had
symptomatic PE events, finding no significant difference between intervention classes.

Major Bleeding

Nine RCTs (N=11,756) reported major bleeding for the comparison of LMWH and FXal (0-
2.8% in LMWH, 0-4.1% in FXal).**->% %2458 The rate was lower in the LMWH group in six
RCTs.> *25>%8 Ty RCTs* > reported no major bleeding in either comparison group. Meta-
analysis of the remaining seven RCTs yielded a just-significant difference between the two
classes for the risk of major bleeding (summary OR=0.72; 95% CI 0.52 to 0.99), favoring
LMWH. Study results were homogeneous (1= 0%, P = 0.62) (Figure 1.thr.7).
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Figure 1.thr.7. Forest plot: Major bleeding, LMWH vs. FXal

Author year PMID rl'l'MWml anaIN Odds Ratio [956% CI]
Fuji 2014D 22952213 THA 0 103 0 174 Excluded
Yokote 2011 21282767 0 85 0 85 Excluded
Eriksson 2010 20088935 1 166 1 163 _ 0.98[0.06,15.83]
Fuji 2015 26269694 6 301 2 303 e E—— 3068[061,1529]
Fuji 2014A 25047458 0 87 1 85 032[0.01, 801]
Lassen 2002 12049858 32 1133 47 1140 . 068043, 1.07]
Lassen 2010A 21175312 18 2650 22 2673 [ 082044, 153]
Raskob 2010 20589317 0 172 1 170 033[001, 810]
Turpie 2002 12049860 11 1129 20 1128 —a— 0.55[0.26, 1.14]
Pairwise MA result [1*2- 0%; P value: 0 62] - 072[052, 099]
NMA resuit - 0.72[0.52,098]
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Favors LMWH  Favors FXal

Forest plot of randomized controlled trials with calculated odds ratio and 95% confidence interval (CI)
based on numbers of events (n) and sample sizes (N), with random effects model summary estimate
(Pairwise meta-analysis [MA] result) and equivalent summary estimate from corresponding network meta-
analysis (NMA). I"2 = percentage of total variation across studies due to heterogeneity; P value = chi-
square P value for heterogeneity.

Other abbreviations: FXal = factor Xa inhibitor, LMWH = low molecular weight heparin, PMID = PubMed
identifier.

Other Bleeding Events

Three RCTs reported that no patients had fatal bleeding events.>® > *® The three RCTs
reported no significant difference in bleeding leading to reoperation (range of ORs: 0.60 [95% CI
0.14 to 2.53] to 1.01 [95% C1 0.06 to 16.1]).>>>"*® Similarly, three studies reported no
significant difference in surgical site bleeding (range of ORs: 0.50 [95% C1 0.12 to 2.00] to 0.89
[95% CI 0.45 to 1.75]).

Serious Adverse Events

Five RCTs (N=6727) comparing LMWH versus FXal reported serious adverse events
(1.2-6.5% in LMWH, 0-6.9% in FXal).*® 4956:38.60 T\yq studies reported a lower rate in the
LMWH group.®® *® No significant difference was shown in the meta-analysis of the five studies
for the risk of serious adverse events between the two drug classes (summary OR=0.95, 95% CI
0.78 to 1.17). Study results were homogeneous (1 = 0%, P = 0.53) (Figure 1.thr.8).
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Figure 1.thr.8. Forest plot: Serious adverse events, LMWH vs. FXal

LMWH FXal
Author year PMID n N n N Odds Ratio [95% CI]
Fuji 2015 26269694 10 301 9 303 i 1.12[045, 2.80]
Fuji 2014D 22952213 THA 3 103 1 174 I —— 519[053,5056]
Fuiji 2014A 25047458 1 87 0 85 297[012,7381]
Lassen 2010A 21175312 172 2659 184 2673 I 0941075, 1.16]
Raskob 2010 20589317 3 172 5 170 — 052[014, 249]
Pairwise MA result [I*2: 0%; P value: 0.526] -+ 0951078, 1.17]

[ T T I 1
0.02 014 1.00 7.39 5460 403.43

Odds Ratio (log scale)

Favors LMWH  Favors FXal

Forest plot of randomized controlled trials with calculated odds ratio and 95% confidence interval (CI)
based on numbers of events (n) and sample sizes (N), with random effects model summary estimate
(Pairwise meta-analysis [MA] result). I"2 = percentage of total variation across studies due to
heterogeneity; P value = chi-square P value for heterogeneity.

Other abbreviations: FXal = factor Xa inhibitor, LMWH = low molecular weight heparin, PMID = PubMed
identifier.

Other Adverse Events
Three RCTs reported on 30-day mortality,** *>*" but one had no mortality events; the
remaining two studies found no significant difference between intervention classes.

Adherence

Two RCTs found conflicting results regarding adherence.*® *® One study found significantly
better adherence with LMWH (OR 2.64, 95% CI 1.35 to 5.14); one study found no significant
difference, nominally favoring FXal (OR 0.11, 95% C1 0.01 to 2.05).

LMWH Versus Mechanical Devices

Three RCTs (N=732) compared LMWH versus mechanical devices.®*® No significant
differences were found for VTE outcomes. One RCT found no significant difference in total
VTE. One RCT each found no significant differences in total PE or symptomatic PE. A U.S.-
based registry NRCS of 14,657 THR patients found no significant difference in total PE between
mechanical devices and LMWH (OR 1.20, 95% CI 0.46 to 3.53), controlling for age, sex,
anesthesia risk category, and use of general anesthesia (Appendix Table F4).® Two RCTs had
no fatal PEs. Three studies found no significant differences in total DVT (range of ORs: 0.70
[95% C1 0.36 to 1.36] to 1.03 [95% CI 0.38 to 2.81]). The same three studies found no
significant differences in proximal DVTs (range of ORs: 0.67 [95% CI1 0.31 to 1.45] to 1.00
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[95% CI 0.06 to 16.9]). Two studies reported on proximal DVTs; one had no proximal DVT
events and the other found no significant difference in event rates.

One study found much more frequent major bleeding with LMWH than mechanical devices
(11/194 vs. 0/198; OR 24.9, 95% CI 1.46, 425),%% but no significant difference in total serious
adverse events. Another study had no fatal bleeding events or 30-day deaths.

No study reported on adherence.

LMWH Verusus UFH
Ten RCTs (N=2387) reported on comparisons of LMWH versus UFH.%*" All 10 reported
VTE-related outcomes.

Total PE

Eight RCTs (N=1878) that compared LMWH and UFH reported total PE (0-12.3% in
LMWH, 0-30.6% in UFH).5*%® %% The rate was lower in the LMWH group in five RCTs,** %
%973 which was statistically significant in one.®® Three RCTs reported no occurrence of PE in
either comparison group.’”"? Meta-analysis of the remaining five RCTs yielded a summary OR
of 0.26 (95% CI 0.13 to 0.54) for the risk of total PE, statistically significantly favoring LMWH.
Study results were homogeneous (I = 0%, P = 0.87) (Figure 1.thr.9).

Figure 1.thr.9. Forest plot: Total PE, LMWH vs. UFH

LMWH UFH
Author year PMID n N n N Peto Odds Ratio [95% CI]
Barre 1987 2834500 0 40 0 40 Excluded
Schwartsmann 1996 Embase 1996366023 0 52 0 47 | Excluded
Senaran 2006 16333632 0 50 0 50 Excluded
Avikainen 1995 7645915 0 83 1 84 —_— 0.37[0.02,5.97]
Colwell 1994 8288662 0 203 4 200 »—-7:+ 020[0.04,119]
Eriksson 1991 2013587 8 65 19 62 —— 0.35[0.15,080]
Levine 1991 1848054 0 333 2 332 ———— 0.2610.03,252]
Planes 1988 2853459 0 120 1 108 I S 0.33[0.02,531]
Pairwise MA result [*2: 0%, P value: 0.873] R i 026[0.13,054]
f T !

0.02 014 1.00 7.39
Odds Ratio (log scale)
Favors LMWH  Favors UFH

Forest plot of randomized controlled trials with calculated Peto odds ratio and 95% confidence interval
(Cl) based on numbers of events (n) and sample sizes (N), with Peto fixed effects model summary
estimate (Pairwise meta-analysis [MA] result). 1"2 = percentage of total variation across studies due to
heterogeneity; P value = chi-square P value for heterogeneity.

Other abbreviations: LMWH = low molecular weight heparin, PMID = PubMed identifier, UFH =
unfractionated heparin.
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Total DVT

Ten RCTs (N=2219) reported total DVT in comparisons of LMWH and UFH (0-30.2% in
LMWH, 4.0-42.4% in UFH).®*" The rate was lower in the LMWH group in seven RCTs,%*®" "
73 which was statistically significant in one.?® Meta-analysis of the 10 RCTs found no significant
difference between the two drug classes for the risk of total DVT (summary OR=0.84; 95% ClI
0.60 to 1.18). Study results were homogeneous (I° = 36%, P = 0.16) (Figure 1.thr.10).

Figure 1.thr.10. Forest plot: Total DVT, LMWH vs. UFH

LMWH UFH
Author year PMID n N n N Peto Odds Ratio [95% CI]
Barre 1987 2834500 0 40 0 40 Excluded
Schwartsmann 1996 Embase 1996366023 0 52 0 47 E Excluded
Senaran 2006 16333632 0 50 0 50 Excluded
Avikainen 1995 7645915 0 83 1 84 —_— 037[0.02,597]
Colwell 1994 8288662 0 203 4 209 — . 0.20[0.04,1.19]
Eriksson 1991 2013587 8 65 19 62 i 035[015,080]
Levine 1991 1848054 0 333 2 332 _— 026[0.03,252]
Planes 1988 2853459 0 120 1 108 — 033[0.02,531]
Pairwise MA result [*2: 0%; P value: 0.873] - 026[0.13,054]
f T |

0.02 014 1.00 7.39
Odds Ratio (log scale)
Favors LMWH  Favors UFH

Forest plot of randomized controlled trials with calculated Peto odds ratio and 95% confidence interval
(Cl) based on numbers of events (n) and sample sizes (N), with Peto fixed effects model summary
estimate (Pairwise meta-analysis [MA] result). 1"2 = percentage of total variation across studies due to
heterogeneity; P value = chi-square P value for heterogeneity.

Other abbreviations: LMWH = low molecular weight heparin, PMID = PubMed identifier, UFH =
unfractionated heparin.

Symptomatic DVT

Four RCTs (N=488) reported on symptomatic DVT comparing LMWH and UFH (1.2-5.8%
in LMWH, 0-6.4% in UFH).% " patients who received LMWH had a lower event rate in three
RCTs. Meta-analysis of the four RCTs found an imprecise estimate of OR with no significant
difference for the risk of symptomatic DVT between the two comparison groups (summary
OR=0.84, 95% CI 0.32 to 2.22). Study results were homogeneous (I>= 20%, P = 0.29) (Figure
1.thr.11).

27



Figure 1.thr.11. Forest plot: Symptomatic DVT, LMWH vs. UFH

LMWH UFH
Author year PMID n N n N Peto Odds Ratio [95% CI]
Avikainen 1995 7645915 1 83 4 84 — 0.36[0.07, 1.83]
Eriksson 1991 2013587 2 63 2 59 —— 094[0.16, 556
Schwartsmann 1996 Embase 1996366023 3 52 3 47 »—.—< 090[0.19, 4.16]
Senaran 2006 16333632 2 50 0 50 i 390[040,3833]
Pairwise MA result [I*2: 20%; P value: 0.292] ———— 084[032, 222]
[